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I UNDERTOOK the pnblication of ar--tratts!dtion of Ecker's 
* Anatomie des Frosches ' at the suggestion of Professor A. 
Gamgee while I was working tinder his superintcn;?ence in the 
physiological laboratory of the Owens College. The work was 
subsequently accepted by the Delegates of the Clarendon Press, as 
one of the series of 'Foreign Biological Memoirs/ published by them. 
Early in the progress of the work it became evident that a mere 
translation would be unsatisfactory, and that it would _ /"esirable 
to recast and modify several portions of the book, i: \.. :emcd 
advisable to give greater completeness to the work by ' )bion8 

of the minute structure of the several organs. For thcs • urposes 
the appearance of the work has been unavoidably delay^ \ 

I have done my best to bring the book up to date by \.\ luding 
the results of recent researches, to which I have added many facts 
derived from my own personal investigations. All such additions 
are enclosed within square brackets [ ]. More than a hundred 
new figures, of which one-third are original, have been added ; and 
copious, though it is feared still incomplete, lists of references to 
frog-literature have been drawn up. By these additions the size 
of the book has been considerably increased. 

In the several sections into which the book is divided the following 
points may be more particularly noticed : — 

Sect. I. The Bones and Joints. The nomenclature of Parker 
and Bettany has been adopted throughout. 

Sect. II. The Muscles. This section remains in it« original form. 

Sect. III. The Nervous System. The chapters on the central 
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nervous system and the sympathetic system have been re- 
written. The description of the arteries of the brain is 
entirely new, while the chapters on cranial and spinal nerves 
have received many smaller additions, and have been re- 
arranged to facilitate reference. 

Sect. IV. The Vascular System. The chapter on the heart is 
practically new, and many additions and alterations have 
been made in the descriptions of the blood-vessels and 
lymphatics. 

Sect. V. The Alimentary Canal, with its appendages, the Spleen 
and the Peritoneum. In this section much new material has 
been added : the descriptions of the blood-vessels of the liver, 
the ducts of the liver and pancreas, etc., being the results of 
original investigation. 

Sect. VI. The Respiratory Organs, the Thymus and Thyroid 
Glands. These organs have been carefully studied and 
numerous new details are noted. The lymphatic glands of 
the hyoid region have, after some hesitation, been designated 
tonsils. 

Sect. VII. The Urino-Gcnital Organs. A very large number 

of preparations have been made to investigate the vessels and 

uriniferous tubes of the kidneys ; and the descriptions of 

the remaining organs of this section have received large 

additions fi-om recent publications. 

Set!t. VIII. The Skin and the Sense-Organs. This section has, 

with the exception of very small poi-tions, been re- written and 

very much enlarged. 

Before concluding this preface, I must thank my friend Professor 

A. Milnes Marshall, of the Owens College, for all the help and 

kindness he has extended to me before and during the time this 

work has been in hand ; to him I am indebted not alone for the 

loan of books, pamphlets, et<.*., and for much useful information, 

but also for the care and patience with which he has read and 

corrected the whole of the proof -shtfets. 

To Professor G. Lunge, of Ziirich, I am indebted for the use of 
the librarv of the Gesellschaft der Naturforscher of Ziirich ; and 
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to my friend Mr. C. Herbert Hurst, of the Owens College, for the 
drawings for figures 132, 133, 134, and 136; also to Dr. Max 
Kcippen, of Strasburg, for the proof-sheets of his valuable paper, 
' Zur Anatomie des Froschgehims ' : to these gentlemen I beg to 
express herewith my heartiest thanks. Lastly, I must express my 
sense of indebtedness to the Delegates of the Clarendon Press, who 
have kindly allowed me to alter the original plan of the book, and 
to make extensive additions far beyond the limits originally 
intended. 

A second edition of the original German work is in course of 
publication. The first part, on the bones and muscles, has already 
appeared. 

GEO. HASLAM. 

ZClUCH, 1888. 



PREFACE TO THE FIRST PART. 



The idea of this manual on the anatomy of the frog, of which I 
now offer the first part to physiologists and to those who would 
become such, occuiTed to me during the preparation of the plates 
for my 'Icones Physiologicae/ I was then convinced of the 
necessity of such a book. I regret that msivy C.heet and indirect 
causes have hindered its earlier completion; io.tunately, however, 
its appearance is still opportune, as the need for the book has not 
diminished. I am conscious that the book requires a recommenda- 
tion to the indulgent judgment of my fellow-workers, since almost 
every one has studied the frog for one purpose or another, and 
each will closely criticize in that department with which he is most 
familiar. Although I shall not be able to satisfy all, still I hope 
that my work may serve as a useful basis for further investigations, 
and I would apply to it the words with which Sommering prefaced 
his anatomy : ^ Ich wiinschte ein Handbuch zu liefern und seine 
Einrichtung so zu treffen, dass man kiinftig an ihm als einer Basis 
nach Erfordemiss leicht andem, wegnehmen und zusetzen konnte ^/ 

Lest more be anticipated from the book than it is intended to 
supply, I would observe that I have throughout had in mind only 
a descriptive anatomy of the indigenous (German) frog ; a com- 
parative anatomy of Batrachians was as foreign to my intention as 
were developmental or histological questions : hence morphological 
details must not be expected. Any hope of formulating a systematic 
nomenclature of the muscles has been abandoned; as neither one 
based upon their mode of action, of which we know so little, nor 
one based upon their origins and insertions, as demonstrated by 
the unpronounceable names of Chaussier and Dugfes, is really 
practicable. I have therefore preferred to avail myself, as far as 
possible, of the received names, which have been chosen partly 

^ ' I wished to furnish a manual so arranged that it might serve as a basis easily 
altered, pruned, or enlarged as the future might need.* 
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according to mode of action, partly according to origin and 
insertion, and partly according to position and form ; while in the 
choice of new names I have given preference to the simplest. 

The figures are, with few exceptions, original, and drawn hy 
myself. Their careful execution in wixxlcut has a<lded a very 
necessary neatness to that correctness, which alone I claim as mine. 

ALEXANDER ECKER. 

Frkibukg, 

February, 1864. 
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Sixteen years have elapsed since the first i)ortion of this 
anatomy of the frog appeared ; this second ]>ortion, therefore, 
requires a somewhat apologetic introduction. 

The nen'ous and vascular systems have, in substance, been 
known for some years ; still, certain points required a thorough 
revision : this seemed especially necessary with regard to the cranial 
nerves. In consequence of my anthropological investigations, and 
particularly through undertaking the editorship of the * Archiv f iir 
Anthropologic,^ my attention was drawn into another channel, and 
I found it impossible ti> work out this chapter : consequently the 
whole was deferred, and would have been still longer delayed had I 
not received assistance. 

At my request Professor Wiedersheim undertook to investigate 
afresh the cranial nerves, the brain, the spinal cord, and the symi)a- 
tbetic system ; and the descriptions of these parts are the result of 
his work alone. 1 regard it as most advantageous to this second 
part that so experienced an investigat/)r in tlie anatomy (»f Amphibia 
should have given me his help. 

The remaining portions appear almost unaltered as written 
ttcveral years ago ; and the majority of the illustrations date from 
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the same period. I had neither the time nor the zeal necessary to 
re-Siamine the whole; besides, it is doubtful whether eyes some 
twenty years older would improve matters. 

This somewhat neg^lected book is therefore commended to the in- 
dulgence of my fellow-workers, with the hope that it may at least 
form a ba^iis upon which further work may easily be done ; to proffer 
more than this, as I stated, with a quotation from Sommering, 
in the preface to the first part, I have never even hoped. 

The final part of the work, on the viscera and sense-organs, has 
been undertaken by Professor Wiedersheim, and will appear in the 
Spring of 1882. 

ALEXANDER ECKER. 
Freiburg, 

August, 1881. 
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Thebe is no occasion, now-a-days, to ofEer a lengthened apology 
for devoting a treatise solely to the anatomy of the frog, which enjoys 
the doubtful honour of being, xar ^ioxvp, the physiological domes- 
tic animal. It is kept in every physiological laboratory, and is daily 
sacrificed in numbers upon the altar of science. The physiologist 
has recourse to it, not only to obtain answers to new questions, but 
for the sake of demonstrating easily and quickly the most im- 
portant known facts of the science. These unlucky batrachians are 
to be had in any number, and are specially adapted for experimental 
investigation : they have consequently fallen under a harsher tyrant 
than the stork in the fable, and their prophetic outcry in the 
frog-chorus of Aristophanes, beiva TT€L(r6fX€(T0a, has been literally 
fulfilled. 

As the history of the most important physiological discoveries is 
closely related with the employment of the frog in physiological 
research, it will not • be without interest to review briefly the 
history of its use in scientific, especially in physiological, investi- 
gations, and to record the services which it has already rendered 
to science. Swammerdam (1637-1685), as du Bois-Reymond justly 
remarks, was the first to make known the frog as an important 
means of research ; he says concerning it : — ^ An den Thieren, die 
das heisseste Blut haben, ist die Bewegung der Muskeln nicht so 
merklich oder halt vielmehr nicht so lange an, als an Thieren die 
mit kalterem Blute begabt sind. Dergleichen sind die Fische und 
viele andere Wasserthiere, wie auch solehe, die so wohl im Wasser als 
auf dem trocknen Lande leben konnen. Deswegen habe ich inson- 
derheit mit dem Frosch meine Versuche angestellt. Denn an diesem 
Thiere sind die Sehnen sehr sichtbar und lassen sich leicht entdecken 

B 
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und entbliiasen '.' Swp,rrnnerdain made tlie earliest esiwrimente on 
the (^ontrat'tion qtjtuiscle by means of ehemieal and mechanical 
stimulation oE 'itir: nerves; thus laying the hasJB of our present 
nene and [njisye physiologyj which has t)een built up within rather 
less than "11*0 hundred years ; though during the first half of this 
period b'lt-bttle advance was made. 

From the famous September evening of the year 1786, on which 
-G^vdni first observed the twitehings of a frog's I^ suspended by a 
' -.'fiietallic hook to an iron balcony, the frog has, down to the present 
' iime, afforded almost the only material for the investigation of the 
excitability of nerve and its associated electromotive changes, and also 
no inconsiderable part of the remaining nerve and muscle physiology. 
It was not imtil Miiller devised the method of operating on the 
frog that Bell's law became capable of easy proof ; and much of 
our knowledge of the functions of tlie spinal cord is derived from 
esperiment upon it. Again, the muscles of frogs served, from the 
time of Swammerdam to that of Eduard Weber and his followers, 
for the investigation of the phenomena and the conditions of con- 
traction ; and in almost all other branches of physiology there are 
important doctrines which were first definitely established by experi- 
ment upon the frog. But for the web of the foot of tJiis animal (and 
the gills and tail of its tadpole, in which Leeuwenhoek ^ deseribea 
the phenomena most clearly) we shoidd not, perhaps for a long 
time, have arrived at a satisfactory knowledge of the existence 
and the conditions of the capillary circidation. As is well known, 
an accurate acquaintance with tlie constitueots of the blood directly 
concerned in nutrition has been obtained by observation on the 
frog, as well as important facts in the pliysiology of the blood and 
lymph, sudi as the intimate knowledge of the corpuscles of both 
Hm'ds, and the coagulability of the plasma ; %vhile in no less degree 
have experiments on these animals served to establish the laws of 
the heart's action. Moreover, physiology is not the only science 
indebt«d to the frog : in histolf^ many important results have 
been obtained from observations on it, and for histological in- 
stniction it is now indispensable. To it we owe much of our 

' ' lu MiimolE with wuia blood the ution of Ibe miudes is neicher so appiu'ent 
nor BO long continued w in those KnimalB whicb have cold blood, euch u Rihea sjid 
niBDj other aqoatio animkls, and those also which live both in water and on drj 
latld. On thia account I have niKde mj tnveatigationB ohieflj on troga, Tor in them 
the nerves are very distinct, and ore eaaily found and exposed.' Buch der Natar, 
Leipng, 173a, p. 330- 

' Ijeeuwenhoek, Arcanii Natnnt III, epiat. 6ji ad Rt>g. Sno. I^md,, p. 158. 
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knowledge of the structure of nerve fibres^ their origin and termina- 
tion^ especially in muscle, their relations within the ganglia, and 
even the structure of muscular fibre itself. For the study of 
reproduction and development the frog has, next to the chick, 
afforded the most important material : one need but refer to the 
investigations on impregnation from the time of Spallanzani to 
that of Newport', the phenomena of cleavage, and many others. 

Thus with progress of time the field in which the frog has been 
submitted to observation and experiment, whether for the demon- 
stration of established facts to students or for the solving of new 
problems, has vastly increased, and this batrachian has indeed be- 
come, as we have stated, the physiologist's domestic animal. 

That, for these manifold uses, a more exact anatomical know- 
ledge of the frog is very necessary is self-evident. The majority of 
students commencing the study of physiology have little more than 
a superficial knowledge of the sciatic nerve and the leg-muscles ; at 
most, of the spinal cord and its nerve-roots ; and only acquire any 
further knowledge in a disconnected manner. For this they can 
scarcely be reproached, the literature of the anatomy of the frog 
being so widely scattered in monographs and journals that reference 
to it involves the expenditure of much time. This attempt, there- 
fore, to produce a complete anatomy of the frog, based throughout 
upon my own observations, cannot be considered superfluous ; it is 
rather to be feared it may be thought insufficient. 

The European frogs* alone are treated of in the following 
description, i.e. the two species, Bana efculenta, L., and S, tempo- 
raria, L., the former being more particularly described, though 
such differences in structure as occur are noted. This is not 
the place to discuss the exact systematic characters of the two 
species, yet they cannot be ignored entirely. The species were, 
from their habitats, long ago distinguished by C. Gessner^, and 
named Rana rubeta, s. ffidlasa, the garden or grass-frog, and Rana 
aquatica^ s. innoxia, the water-frog ; at least, from his figure, the 
former can be no other than R. temporaria, though Gessner, 

^ It mAj be weU to remind the reader that this introduction was written in 1864. 

' For purposes of comparison other than European frogs were examined, especially 
American species of ManOf for which I am indebted to the kindness of my much 
esteemed friend Agassis. These were Rana Catesbyanat Shaw (£. mugienM^ Cateeby — 
J?. pipienSf Harlan) ; R, sylvaiica, Leconte ; R. damitant, Daudin ; i?. palu*tri$, 
Leoonte ; R, halecinaf Leconte. To these, however, no further reference will be made 
in the text. 

' C. Gessner, Thierbnch. Zurich. Fol., p. 157. 
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probsbly expecting to find in it the ruieta of older writers, adds 
that it ' ist fiir giftig zu halten.' 

Leeuwenhoek ^ also correctly distinguished between them, but it -■ 
is to RiiBe!^ that we are chiefly indebted for a careful discriminatii 
and an aecurate knowledge of the life-histories of the two species. 




Bana esoulenta, L. The green water-frog. Fig. i, usually attains 
a larger size ^ and is more active than the other species, and for this 

' Leeowenhwk.ArconaNatam.Vol.niofEcker'iBdition. Lcyden, 1719. Epirt.65 
Kd Rej,'. Snc. Land., p. 154. 

' Itiliel, Natur^tuchlchtederFrtiMilieDeiitacUuids, edSchreber. Ntmberg, 1815, 
p. 3*. 

' The eitrem« eaea axe much mnre pronounced in thia Bpeciee. I have never foDnd 
R. temporaria of the >Ue Mtftined hy ^•rge apeoimens of Ihe witer-frog. 
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reason is better adapted to the purposes of the physiologist; henee 
I have chosen it for description. 

The head is fiat, as broad as it is long, and triangular with an 
obtuse snout in front. The upper surface of the head, i.e. the 
space between the eyes, is slightly concave, grooved, and narrower 
than in S. temporaria. The tympanic membrane is circular, and 
relatively to the eye is larger. The upper eyelids have several trans- 
verse folds in their hinder part. The pupil is oval, with the long 
axis horizontal. The vomerine teeth are arranged in two clusters, 
which are relatively larger than in R, temporaria and lie exactly 
between the posterior nares, without however touching them. 
The openings of the Eustachian tubes do not exceed in size the 
posterior nares to so great an extent as they do in R, temporaria. 
The male possesses a vocal sac on either side, which reaches the sur- 
face beneath the tympanic membrane through a cleft placed behind 
the angle of the mouth, and is, in well-developed specimens, about 
the size of a cherry. The hind limbs are relatively longer. The 
toes are long, and taper towards their tips : the webs between the 
toes are cut out semicircularly, and that of the longest or fourth 
toe is continued to the tip of the last phalanx. The supplemental 
toe is an oval prominence of cartilaginous hardness. The skin 
of the back has wart-like tubercles arranged longitudinally in 
raised lines; one of these lines runs on each side from the posterior 
canthus as far as the thigh, and is very constant: in the male 
a second line surrounds the posterior margin of the vocal sac; 
a corresponding line exists in the female. 

The skin of the belly is quite smooth, the colour presenting 
many variations which appear to depend upon very diverse circum- 
stances. It varies with changes in the physiological condition of the 
animal. Von Wittich^ has shown that a bright green specimen 
changes to a dark leafy green colour on exclusion of light; also, that 
dark specimens become almost a lemon-yellow colour on exposure to 
bright sunlight; and he has pointed out that this brightening of 
the skin is an active condition dependent upon contraction of the 
stellate pigment-cells. It is therefore not surprising, as the same 
inquirer observes, that one should sometimes find specimens of 
R. esculents in which the ground colour is almost a greenish yellow 
(as in RosePs figure, PI. XIII), whilst in others it can only be 
distinguished from the dorsal black patches by a faint greenish 

1 Von Wittich, MUller's Archiv, 1854, p. 41. 
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shade. There is no doubt tliat difference of habitat influeuces the 
colour; but this may again he modified by light', an has been 
eetablifihcd in the ease of fish by direct observation", Apparent 
varieties may thus oceur. 

In frog-tanks such diversities of eolonr may not unfreqiiently 
observed in the same individual, as for example when the lower part 
of the body immersed in muddy water is dark, while the part above 
the water is bright. That the process of casting the skin exercisew 
an influence on the brightness of the colouring is certain, yet there 
are, as von Wittich has correctly remarked, other alterations of 
colour which are in no way connected with this process, and are 
evidently more of a pathological nature; such as when the frog 
assumes a dirty green spotted appearance, the green fading more 
and more, until all the patches which are usually green appear 
of a dirty greyish-brown with a faint bronze shimmer. According 
to this author these changes are most readily brought about by 
starvation. The dark colour which frogs exhibit aft«r hibernation 
is perhaps to be ascribed to the co-operation of several of the causes 
mentioned above. 

The usual colouring of healtliy animals is as follows : the back 
is bright green with three golden yellow longitudinal stripes, one 
median and two lateral, and a number o£ irregular brown or black 
stripes of approximately imiform width : on the head are a pair of 
black stripes which pass from the angles of the eyes across the nares 
to the tip of the nose ; now and then the tympanic membrane and 
surrounding parts liave also a bla<;k jiatch, as in ^. lemjiorar'ta : 
another black stripe is found on the anterior surface of the arm, in 
the region of the shoulder : and on the thighs are black, yellow, and 
white mottlings. The whole of the under-surface is white or 
yellowish. At times the yellow stripes of the back are wanting or 
are indistinct. It has already been mentioned that many varieties 
may occur; and those have in all probability given rise to the de- 
scriptions of reputed new species, such as R. taaritima, Risso, found 
in South Europe ; R. aljiina, Risso, found in the high-lying Alpine 
lakes ; R. hitpanka of Fitzinger and Bonaparte, and R. calcarata of 
Miehahelles, the last three of which certainly cannot be retained. It 



■ Utler, On the CaUneoui PigmeDt&ry %steui of tbe Fiog. pyi. Tr&as., 1S57, 
p. 6v- 

' Agusiz et Vo^, Htstoire naturelle de> poiMcinB d'eau doDce (Nenohatel, 1S39), 
PI. IV, inention tliat the colour of trout ia very vsriable uid Ihkt in shadod >Dd 
deop-lyinjj liniokii ui<l rivers a variotj is found whicli is black. 
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is not improbable that the water-frog^ which Spallanzani ^ used in 
his experiments on impregnation^ was the R, maritima of Risso. He 
says^ one must not confound his frog with that which Rosel calls the 
green water-frog; the former being much smaller^ without the three 
dorsal golden-yellow stripes^ and the spawning season (in Lom- 
bardy) occurring during April and May. Rusconi^ also describes 
two varieties in Northern Italy. 

Bana temporaria^ L.^ the brown or grass-frog, is so named from 
the large black patch in the temporal region, i, e. between the eye 
and the shoulder. While the separation of the preceding species 
into' several varieties does not seem to be well founded, it appears 
that two distinct species have been included under the name of 
R. iempararia. Millet of Angers ^ first described, in his Fauna du 
departement de Maine-et-Loire, as 'grenouille rousse,' a species 
differing from R. temporaria, and gave the species previously known 
as R. iempararia the name of JK. Jlavivenfris, ' grenouille ^ ventre 
jaune.' No further notice, however, was taken of this observation, 
not even by Dum^ril and Bibron in their ' Erp^tologie.' Quite inde- 
pendently Steenstrup*, in the year 1846, pointed out that two frogs, 
differing in structure and habits, had been confounded under the 
name R* temporaria; these he distinguished as R. piatyrAinus and 
R. oxyrhinu9. Von Siebold^,and also Schiff * in part, have confirmed 
these statements. My own observations lead me to a like conclu- 
sion; I shall therefore distinguish two species, viz.: — (i) Rana 
iemporaria, L., Rana platyrAinus, Steenstrup ; (2) Rana oxyrAinus, 
Steenstrup. 

Bana temporaria, L. ; Rana platyrAinua, Steenstrup. The brown 
grass-frog, Fig. 2, does not attain the dimensions of R, esculefita, L., 
but is, however, always larger than R, oxyrAinns, The head is 
somewhat broader than long, and the upper surface of the skull 
is not grooved, as in 22. escuienta, but is flat. The space between 
the eyes is wider (according to Dum^ril, equal to the width of the 
upper eyelid, whereas in iZ. esculeuta it is just two-thirds this 

' Spallanzani, Verauche iiber Erzeugung der Thiere und Pflanzen. Leipzig, 1 786, 

p. 5- 
' RuBconi, D^velopp. de la Grenouille. Milan, i8a6, p. 6. 

' Annates des Sciences naturelles. Zoologie, IV S^rie, Vol. IV, 1855, p. 368. 

* Amtl. Bericht iiber die 24. Venammlung deatscher Naturforsclier in Kiel, 1846, 
p. 141 ; Wiegmann*8 Archly, 1847, Vol. II, p. 341 ; Steenstmp, Oversigt K. Danske 
Selflk. Forhandlgr., 1846, p. 92. 

* Wiegmann'g Archiv, 1852, Vol. I, p. 14. 

* Annalee dee Sciences naturelles. Zoologie, IV Sdrie, Vol. IV, 1885, P* 3^^- 
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widtli) : the fronto-parictul bwue« are wide aiid Hat. The tympanic 
ini.'nibrane, in compiirisou with the eye, is smaller than in R. eacutenla, 
and is usually less dietin^ishable from the surrounding partn as 
regards colour and transparent-'y. The apertures o£ the Eustaehiau 
tubes are, relatively to the posterior narea, larger than in the water- 
trog. The vomerine teeth are comparatively small and lie in twq, 
groups plated ol)Ii(iuely to each other, tht-ir anterior ends diver 
from each other and being prolonged as ridges to the anterii 
raai;gtns of the posterior nares. The two groups do not lie bctwei 




Tlie brown ^ctm-tro^ 



the nasal ai>ertures, but liehind a line drawn transven-ely Ihrouph 
their jxistcrior margins. Vocal sacs are absent in both sexes. 
The hind legs are relatively shorter : the toes are not so evenly 
tai>ered off, indeed they are slightly swollen : the fourth ioe, 
as compared with the third and fifth, is somewliat longer than in 
R. cscuUiifa ; the web of this toe does not extend to the tip of the 
toe, but terminates in both sexes at the last phalanx but one ; the 
web on the thirtl toe is less develop«l on the thumb side than 
on the other : on tlip remaining toes alfio the margins of the web 
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are less developed than in S. esculetita, so that the free borders 
appear more crescentic. The supplemental toe forms only a 
soft and inconspicuous prominence. The back is mostly smooth; 
the raised glandular ridge^ which extends along each side from 
the eye to the thigh, is present^ but is much narrower and less 
prominent than in M. escul^nta; another ridge passes from the 
angle of the mouth to the shoulder. The colouring in general^ and 
especially the ground colour of the dorsal surface^ varies from the 
brightest tints to the darkest brown-black ; the conditions causing 
these variations beings no doubt^ the same as those described above 
in R, esculenta. A dark-brown specimen taken from a dark frog- 
tank is usually yellowish red on the following day. The black 
patch between the angle of the mouth and the shoulder has 
given this species the name of R. temporaria, and is constant. A 
black stripe passes from the eye across the nostril to the tip of 
the snout, and a similar one is found upon the anterior surface 
of the upper arm. On the hind legs the bands are chiefly trans- 
verse. The ventral surface is yellowish, and sometimes spotted. 
The thighs have a granular appearance, and these as well as the 
belly and the neighbourhood of the anus have frequently a reddish 
coloration presenting the appearance of an irritated surface. 

Bana ozsrrhinuB, Steenstrup. This species is always smaller and 
more elegant in shape than the preceding one. The head is conical, 
with the pointed snout projecting beyond the lower jaw ; a feature 
which is especially evident on looking from below. The space be- 
tween the eyes is narrower than in 72. temporaria, and is not 
grooved, but convex; the fronto-parietal bones are narrow and 
arched. With respect to the arrangement of the vomerine teeth 
and the sizes of the apertures of the Eustachian tubes, this species 
holds an intermediate position between the other two. Next to 
the pointed snout, the greatest difference between this species and 
R. temporaria is the presence of a much larger supplemental toe, 
which is of cartilaginous hardness, compressed from side to side, 
and contains a larger bone ^. The vocal sacs are absent. In the 
males the web of the longest toe reaches to the last phalanx but 
one ; in the females, on the contrary, the last three phalanges pro- 
ject freely beyond the web. The extremities of the toes are more 
pointed than in R. temporaria, in which respect, as also in several 

' Aocording to Steenstrup, L c, the size of the Bupplemental toe iB in R, temporaria 
one-hftlf Mid in J2. oxyrhinus two-thirds of that of the next toe. 
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olheis, it ai)pi'oai.'lie8 H. taculenta. In colouring, R. uxyr/iinug re- 
sembles R. lemporarla j the thioat, however, is usually piire white, 
at least in the mates, the breast dusky white and spotted, while in 
R. Cemporaii'i the throat and breast are more uniformly coloured 
and yellowish. V. Siebold lias remarked that, during the pairing- 
season, the males are covered with a bluish bloom'; and, the 
whole ground i«Iour being bright at this [wriod, very beautiful 
tiuts reeult. V, Siebold* moreover states that the note wliieh thi 
males produce during the pairing-eeason is different in the two 
s]>ecies. On the whole, li. oxgrhinut apjiears to stand midwaj 
between E. eiculenta and R. lemporaria. 

Thomas^, in addition, distinguishes another species, R. agili 
which however may be the ' grenouille rousse' of Millet. Schlot 
haubsr* has described a frog which, in markingaud colouring, migl 
hold a middle place between li, cKulcnta and R. temporaria ; in my 
opinion this is probably a cross between the two. That attempts at 
copulation are made, despite the difference of the pairing-season, is 
well known ; Pontalli6' mentions this, and I have myself often found 
males of R. temporaria in conjunction with females of R, esculettta. J 

I use the following terminology. I suppose the animal to be iu| 
its natural position, tie belly towards the ground, the back up- 
wards ; a horizontal plane passing from the snout to the anus 
divides the body into a superior or dorsal half and an inferior or 
ventral half. The terms superior and inferior, dorsal and ventral, 
indicate positions with relation to tliia plane. I call tliat part 
anterior which looks towards the head, and that posterior wliich 
looks towards the anus. A vertical plane at right angles to the 
middle of the longitudinal axis of tlie body, divides it into an 
anterior or cephalic and a posterior or caudal half. All sections 
and pianos which lie parallel to this, as well as this itself, are frontal, 
Lastly, by a perj^endicular section along the middle line of the body 
tlie animal is divided int^ right and lef^ halves; this plane is the 
median plane ; and the position relative to this plane is expressed 
by the terras median or lateral. Planes parallel to the median plane 
are termed sagittal. 

' 1 do not find, however, thai this diaappears when the wiiuiftls nre 
Hkct I hsve ulimAl* before me in b gUsa in whioh it is pIslDlip seen. 
M.e.,p. 15. 

' Annmlea dca Stience* naturelle*. Zoologio, IV SiJrio, Vol. IV, iS.^j. 
' WiegiuBUnV Arohiv, Vol. I, 1B44, p. IJS- 
' Aniulei de> Sciences nkturelleg. Ziwloipe, III S^rie, Vol. XVIII, 
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THE BONES AND JOINTS. 

The consideration of the differences in form, number, and histo- 
logical structure, which the parts of the skeleton present during 
the various stages of development does not fall within the scope of 
this book : we have here but to deal with the adult frog. 

The skeleton is made up of histologically different materials; 
these are: — (i) bone, (2) hyaline cartilage, and (3) so-called cal- 
cified cartilage. Concerning the last it is necessary to make 
some observations. I have chosen for it the name calcified car- 
tilage in place of the more usual names 'cartilaginous bone' or 
^primordial ossification,' as by this term its nature appears to 
be expressed without any ambiguity ^ : it is hyaline cartilage 
in which calcareous particles have been deposited to a greater or 
less extent : in the fresh state it has the appearance of moderately 
firm cartilage; when dry it becomes opaque and white, like the 
calcareous crusts on the cartilages of the Plagiostomata. The cal- 
careous material is deposited in the cartilage in finer or coarser 
granules ; after removal of the lime by means of acids, the cartila- 
ginous structure becomes apparent although not so perfectly as in 
unchanged cartilage. 

This calcified- cartilage is widely distributed in the frog's skeleton : 
very many parts, which in higher animals consist only temporarily 
of this substance during the transition from cartilage to bone, are in 
the frog formed of it throughout life. It is especially well-marked 
in the epiphyses of the long bones in the hand and foot, in the 
bones of the shoulder-girdle, etc. To avoid repetition later on I will 
briefly describe it as found in the first-mentioned situation. Duges ^ 
has described its external appearance, while Brueh^ has made us 

^ Ck>mpare MQlleTy Zeit. f. wissen. Zoolog., Vol. IX. 

* Dug^, Recherches but Tost^logie et la myologie des batraciens h leura diffi^rentB 

A^CS, p. 116. 

' Bmch, Beitrage zar Entwicklungsgeschichte dea KnocheiiBystems. Schweiz. 
DenkKhrifben, p. 118. 
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acquainted with its histological peculiarities. If a long bone of the 
frog be dried, the femur for example, the middle part is foaud to 
difFer coaaiderably from the epi- 
physes in colour and in other par- 
ticulars. The Bhaft alone baa the 
appearance of bone, the epipbysie 
consisting of a white, opaque, firm 
substance, resembling plaster of 
Paris or lime, but which in the 
fresh moist state is exactly like 
cartilage. The epiphyses, which 
are fitted to the ends of the dia- 
physis like the cap of a stick- 
handle, have sharply defined mar- 
gins (Fig. 3), as is well seen in 
Figs. ^6, 39, 45, and 46. If a sec- 
tion be made through the epiphyras 
and part of the diaphysis, the long 
tube of true bone is seen to cease 
abruptly above 0, Fig. 3, and over 
the end of it the epiphysis S is 
fixed. This epiphysis consists al- 
most entirely of calcified cartilage 
c', and has merely a superficial 
layer of hyaline cartilage J. The 
bony cylinder of the diaphysis 0, which contains the marrow 31 in 
it« interior, is shut off from the epiphysis by hyaline cartilage, the 
cells of which are arranged in transverse layers, o. 




^ Ciliiiasil outiliige of spiphyBii, 

£ BoDj cjUDder of dUplijilii. 

E Bpipfajili. 

M JUriDW «rtty. 

End or diapfajTiti. 



I, THE VERTEBRAL COLUMN. 

The verie6ral column of the frog consists of ten bones, rtz. nine 
true vertebrae, and the rod-shaped nrostyle, which alone is almost as 
long as all the remaining vertebrae. 



I. General Descbiption op the hike Vektzbkae. 

a. The hodiet of the vertebrae are compressed from above down- 
wards ; the posterior surface of each body, with the exception of 



THE VERTEBRAL COLDMN. 17 

the eighth, presents an articular head covered with cartilage ; the 
anterior surfaces, with the exception of the ninth, preBcnt corre- 
sponding articular depressions, covered with cartilage. 

b. The archet, which have some- 
what sharp margins both before and 
behind, bear the following pro- 
cesses : — 

1. The artioular prooesses (Figs. 
4 and Soo) are similarly placed 
to those of the (iorsal vertebrae of 
man: they project horizontally, the 
cartilaginous articular surfaces on 
the posterior processes being directed 
downwards, those or. the anterior 
upwards. 

2. The transverse prooesses 
(Pigs. 4 and 5 ^ (') are strong, flat, 
and of very varying size and direction. 
The transverse processes of the fourth 
vertebra are the longest, those of the 
third onlya little shorter; the shortest 
are those of the seventh and eighth. 
The atlas has no transverse pro- 
cesses. Those of the second and third 
vertebrae project directly outwards 
and sUghtly downwards; those of 
the fourth, fifth, and sixth upwards 
and backwards. The seventh and 
eighth project more directly outwards 
ind at the same time backwards ; 
the ninth upwards and markedly 
backwards. All the transverse pro- 
cessfc have cartilaginous epiphyses ; 
the largest are those of the second, 
third, fourth, and ninth vertebrae. 

8. The spinous processes are 
generally small, but individually of w'll^twJIt.Sillfc^trtim'i.tioD w[ti. the 
varying size, appearance, and direc- nrewyie. 

tioQ. The longest are those of the third, fourth, and fifth vertebrae ; 
tiiese are, in transverse section, of a three-sided prismatic form, as 
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in the dorsal vertebrae of man ; they are directed backwards and 
provided with cartilaginoua epiphysee. The spinous professes of the 
sixth and seventh are shorter, t-ompreesed from side to side, project 
directly upwards, and are usually 
witliout cartilaginous epiphyses ; 
that of the eighth is still shorter. As 
reyards the spinous processes, those of 
the third, fourth, and fifth vertebrae 
resemble those of the dorsal vertebrae 
in man; those of the sixth, seventh, 
and eighth, lumbar vertebrae. The 
ninth has either no spinous process or 
only a rudimentary one. The first and 
second vertebrae may be looked upon 
as cervical vertebrae : the second lias 
a shoi-t spinous process with a car- 
tilaginous epiphysis. In the first, the 
cartilage which unites the two halves 
of the arch represents the rudiment 
of a spinous process. 

n. Description of Paeticui 
Veetkbrab. 

1. The atlas or firat vertebra has 
a thin body, compressed from above 
downwards, and an an-h. The body 
has posteriorly a sliyhtly raised, car- 
tilaginous, articular head, which is 
broader transversely : in front it has 
two oval articular facets, which are 
separated from each oUier by a median 
projection. Eaeh faeet is concave, 
and directed forwards, outwards, and 
slightly upwards. The arch is com- 
pleted above by cartilage, which pro- 
jects slightly to form the rudiment ota 
spinous process. The hinder margin of 
the arch hears two articular procesBefc 
Transverse processes are wanting^J 
2 The second vertebra presents all the general characters o 
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ordinary vertebra, except that the transverse processes are directed 
somewhat downwards. 

3. The transverse processes of the third vertebra are longer than 
those of the second : each is directed downwards, is broader at its 
extremity than at its base, and bears a hammer-shaped cartilaginous 
epiphysis larger than those of the remaining transverse processes. 

4. The transverse processes of the fourth vertebra are the 
longest : each is broader at its free end than at its base, is 
directed upwards and backwards, and provided with a cartilaginous 
epiphysis. 

6, 6, 7. The transverse processes of the fifth, sixth, and seventh 
vertebrae are smaller, contracted towards their free extremities, and 
directed upwards. 

8. The eighth vertebra is distinguished from the rest by its 
body possessing no articular head. It presents, at each end, a con- 
cave articular depression. The transverse processes resemble those 
of the seventh. 

9. The ninth vertebra unites the vertebral colimin with the hip- 
bones, and is hence to be regarded as a sacrum. The body bears 
on its anterior surface an articular head for articulation with the 
eighth vertebra: on its posterior surface are two small rounded 
and closely approximated processes (Figs. 4 and 5 sc) for articulation 
with the urostyle. The transverse processes are strong, broader at 
the free ends than at their origin, directed upwards and backwards, 
and provided with cartilaginous epiphyses. 



III. Articulations of the Vertebrae. 

The articular heads and depressions of the vertebral bodies, 
together with the joint surfaces of the articular processes, are 
covered with hyaline cartilage. The periosteum of the bodies, as 
also that of the articular processes, fonps true capsular joint liga- 
ments. The articulations of the vertebrae are still further strength- 
ened by longitudinal fibres, which extend along the anterior and 
posterior surfaces of the vertebrae, and correspond to the Hgamentum 
vertebrate commune a^iticum et posticum of man. Between the 
vertebral arches are membranes which represent the ligamenta 
iniercruralia. Between the spinous processes are bands of connective 
tissue which form ligamenta interspinalia, (For the articulation of 
the atlas with the occiput, see page 24.) 

c 2 
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Fig. 6. 




IV. Structure of the Vertebrae ^ (Figs. 6 and 7). 

Each vertebral body consists of a cylinder of compact bone, which 
is directly continued into the bony substance of the arch. In the 
interior of the cylinder is found an isolated persistent vestige of the 
chorda dorsalis (Ch) : this is surrounded by cancellous bone (c), which 
extends backwards towards the articular head and forwards directly 
into the articular cartilage, compact bone being absent in these 

parts. In a transverse section of a ver- 
tebral body the following parts are seen 
(Fig. 6) : — a. An outer layer of compact 
bone (0) (the transverse section of the 
above-mentioned cylinder), which is formed 
of parallel lamellae of varying thickness. 
These, according to Gegenbaur, and as I 
can confirm, are arranged in well-defined 
groups, each of five to eight lamellae. 
The number of the secondary lamellae 
increases with the age of the animal. 

b. In the interior, in the form of a cylin- 
der, is the remnant of the chorda darsalis. 
It consists of a double sheath {Ch^ and 
contents (Ch) composed of chorda-cells. 

c. Immediately around the persistent por- 
tion of the chorda lies the central part of the 
vertebral body, formed by transformation 
of the vertebral cartilage and of the bases 
of the original cartilaginous arches. At 
each side of the chorda are large marrow- 
spaces (6*), filled with cells, from which 
proceed narrower canals, winding in various 
directions, and anastomosing freely with 
one another both before and behind. Their 
walls are constituted partly of true bone, 
partly of cartilage. 



Transvene section tliruugh a ver- 
tebra of Bana escuUnta, magni- 
fied. 

c Cancellous bone. 

Ch Chorda donalis. 

Ch' Sheath of choida dotsalis. 

Compact bone on the upper 

and lovrer surfacett of the 

body. 
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Longitudinal section through the 
poBtorior half of the body of a 
vertebra of Rana esculenta. 

a Cartilage of the head. 

c Cancellous bone. 

o Shell of compact bone. 



^ Cf. Gegenbaur, (i) Uber Ban u. Entwicklung der Wirbelsaule bei Amphibien 
liberhaupt u. beim Frosch insbesondere. Abhand. d. Naturforsch. Gesell. zu Halle, » 
vol. vi, 1861 ; (2) Untersuch. zur vergleich. Anat. d. Wirbelsaule bei Amphibien 
u. Rept., Leipzig, 1862. As regards the adult animal I can bear out Gegenbaur*B 
observations. The scope and limits of this book forbid me to go further into the 
developmental history. 
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Fig. 8. 



a 



V. The Ukostyle (Figs. 8 and 9). 

The urostyle is a long, median, rod-like bone, which projects back- 
wards, midway between the two hip-bones, and terminates over the 
anus. The anterior end (Fig. 8 a) is the thicker and broader part 
of the bone, and has two articular depressions (Fig. 9) for articula- 
tion Avith the two facets of the ninth vertebra. The hinder end 
is pointed and cylindrical, and terminates in a cartilage, which 
is fixed in the tubular end of the 
bone. The middle portion is almost 
cylindrical, and has a groove along the 
ventral surface which gradually becomes 
less marked behind. The dorsal surface 
bears a ridge (Figs. 8 and 9 s), which is 
high and thick in front, becomes sharper 
and less prominent as it proceeds 
backwards, and gradually disappears 
towards the hinder third of the bone, 
so that in transverse section the an- 
terior two-thirds of the bone appear triangular, 
with a ventral and two lateml surfaces : wl^e the 
hinder third is cylindrical. The anterior portion 
of the bone contains a canal, caiialis vertebralis 
(Fig. 9 c,v,), which is a continuation of the verte- 
bral canal, along which the hindermost spinal nerves 
pass. On each side of the anterior portion of the UK»tyieofitoi»« 
urostyle are small apertures (Fig. 8 cc), which lead 
into canals {canales coccygei), which open into the 
vertebral canal, and through which the coccygeal 
nerves pass. In front of these openings and partly 
overhanging them are small triangular projections 
(Fig. 8) [processus transversarii) : these, however, are 
not constant, and are more often found in B, escn- ^ .^ 
lenla than in i?. (emporaria, in which latter species <• .c CanaL ooocyg. 

., . 11 $ Donal ritlge 

the opemngs are smaller. (pr, .pinos.). 



Uroetyle of Ratui 
e»euienta^ seen 
from the edde, 
tivice nat. size. 

c Ventral border. 
c.v. Canal verte- 

bralu. 
$ Dorsal ridge 

{pr. spinoe.). 



fscutetUa, seen 
from the side, 
twice nat. size. 
A bristle is 
passed through 
the canaL vert. 
and out through 
the canal, coc- 
c3iS7.of the right 
side. 

Anterior ex> 
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II. THE SKULL. 

The flat form of the frog's head, as in batrachians generally, 
depends upon the wide separation of the jaw-bones of the two 
sides, and on the large size of the orbital cavities and the horizontal 



ly 
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direction of their fluors. The outer circumference o£ the head 
forms a parabolic frame (Figs, lo and ii), eompoeed of the 
maxillary (m), premaxillary (i), and quadra topigal bones (j). In the 
middle of this curved framework lies the elongated prismatic 
cranium, Anterioi'ly, this is attached to the fore-part of the frame 
by means of the cartUaginous skeleton of the organs of emell 
(Fig. 1 1 /) ; 'posteriorly, it widens out into two transverse arms {/>), 
which contain the organs of hearing, From this base, on either 
side, a bony Ktrut, composed of the posterior arms of the squamosal 
((^ and of the pterygoid bones, passes backwards to the hinder end 
Fig-io. Fig. n. 




/.p. rronto-iKrinUL 

- i Piemmlllkr?. 

J Qindmto-Imp.1. 

op Otditbntiil. 
'^ riwUc. 

I SqawiuMaL' 



of the frame. The anterior aim of the squamonal bone ( 
not quite reach the framework, but is iittached to it by Hgj 
alone. Between the kst-named arm posteriorly, the cranium o 
inner side, and the maxillary frame-work laterally, is a large e 
rej»reeenting the orbital and temporal fossae of human anatomy. 
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A. The Cranium. 

The craninm of the frog is a prismatic tube, wide behind, narrow 
in front, and formed in great part of cartilage (Figs. 1 5 and 17). Our 
indigenous species are characteristically distinguished from one 
another by peculiarities in the form of the cranium. In R, esculents 
it is long and narrow, in R. tempararia short and wide. The superior 
surface in the former is markedly concave, while in the latter it is 
flat, and in R, oxyrhinus arched. These differences are readily 
recognised in the living animal. 

The Bones of the Cranium. 

1. The ezoooipital bones, oasa occipiialia lateraliUy Cuvier 
(Figs. 10, II, 12, 14, 16 0). 

CuTier, I. c, p. 387, PI. XXIV, bb. — Dugds, I. c, n. 14. — Parker and Bet- 
tany, I, c, p. 166, exoccipital8> 

These paired bones form the hinder part of the <!ranium ; they 
bound theforamen magnum, and articulate with the vertebral column. 
They are imbedded in the cartila- Fig. la. 

ginous matrix of the skull, and are 
separated above by an unossified 
part of this matrix {occipUale 
superiuSy Duges), which represents 
the tabular portion of human 
anatomy: below they are separated •*"" "' '^:Z':::;Zl!r '^' 
by a similar part (occipitale ba»i- a stapes 
lare, Dngfes) which represents the ^, ^'SX^H"' 
body of the occipital bone. They c condyle* of exoodpitaUL 

- •' . f , ^ h Btylo-hyoid. 

therefore properly represent only <, Ex«wcii>itai«. 

the condylar portions {paries con- J, ^^^^ ^^,^^ ^^^ ^^^ .. ^^^^^ 

dyloideae) of the human occipital t Hquanio«ai. 

bone. Each possesses a cartilaginous articular head, for articulation 

with the first vertebra : these converge below, and sunound the 

lower half of the circumference of tha foramen wagnum. This latter 

has, in R, escvleniay a transversely oval outline ; in R, temporana^ a 

somewhat heart-shaped outline, with the apex directed upwards : 

in accordance with this the whole bone is wider than high in the 

first species ; and in the latter it is higher than it is wide. From 

the upper and outer border of the foramen magnum on each side 
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a ridge runs obliquely outwards and downwards, in which lies 
the suture between this bone and the prootie bones. This bony 
ridge {processus masioideus, autt.) is usually cartilaginous in R, escu- 
lenttty even in old animals ; in R, temporariay even in young speci- 
mens, it is bony. In the latter species the bones unite very early, 
while in the former they remain separated by the primitive carti- 
lage. Between this crest and the processus condyloideus there is a 
depression [fossa condyloidea), with a hole [foramen condyloidenm) 
through which the vagus nerve leaves the cranium. The exoccipital 
take part in the formation of the labyrinth of the ear, as will be 
noticed later on. 

Articulation of the Exoccipital Bones with the Atlas, From the 
middle of the anterior surface of the body of the atlas a ligament 
arises, representing to a certain extent the lig, siispensorium denfis, 
and attached to the basal portions of the exoccipital bones. 



2. The prootie bones, ossa petrosa, Cuvier (Figs. lo, ii, and 
I2p). 

Cuvier, rocher, L c, p. 388, PI. XXIV, ee. — Dxig^, n. 12, rap^o-pt^r^l. 
— Stannius, ala temporalis. — Meckel, Schadelstuck des Schla- 
fenbeins. — Parker and Bettany, /. c, prootie. 

These paired bones lie at the sides and in front of the exoccipital 
bones. As already explained, they remain in R. esculenta separated 
from these by cartilage, while in i?. temporaria they early enter into 
bony union with them ; this is due to the complete ossification of 
the processus mastoideus in the latter species, as stated above. The 
prootics form the lateral expansions of the posterior part of the 
skull in which the organs of hearing are placed. The large cavity 
which contains the ear labyrinth is completed by the exoccipital : 
internally it opens freely into the skull, and externally on the 
posterior wall of the skull through the foramen ovale, which is 
formed by both these bones. The postero-lateral part of the prootie 
usually remains cartilaginous : at the side and in front of the 
foramen ovale this cartilage is pierced by a small opening, through 
which passes the nervns facialis or ramus tympanicus n. vagi (Volk- 
mann). At the side there is a process to which ihe suspensorium 
of the lower jaw is attached (Fig. 12 p): behind this is a hollow in 
which the auditory ossicles lie, and which may be designated fossa 
tympanica (Fig. 12 t). The anterior boixler of the bone forms the 
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hinder and inner walla d£ the 
orbit. Here also is the tri- 
geminal foramen (Fig. ii p") 
through which the N. trigeminug 
and the several nerves for 
the muscles of the eye pass ; 
it represeiite the foramen ovale, 
for. roiundum, and the fittiira 
orbitalU tuperior (sphenoidal 
fissure) of the human sphenoid 
bone. The foramen is some- 
times, especially in young 
animals, only a notch, which is 
completed by cartilage. On 
account of the relation of this 
part (Fig. II />'} of the bone 
to the nerves which pierce 
it, the whole bone has been 
named by SiAnnius the ala 
magna or iemporalU of the 
sphenoid; it has been also 
looked upon as a bone which 
contains these elements, as by 
Dug^, who on this account 
calls it rupeo-pt^r^. 




CutlUglnaiu wbU 
BpbaDstfaniDld. 
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' ■ Htylo-h jiiid. 



..Utarj. 
m' Quadmt« trh 
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ApjittttJagei of the Proot'ic Bonet. 

I. The styloid oartil^^. From the cartilaginous portion of the 
prootic the styloid cartilage runs downwards, backwards, and 
inwards, and is continued directly into the anterior comu of the 
hyoid bone (Figs. 1 1 k' and I2 h). 

i. The auditor; ossiolea. 

a. A thick cartilaginous disc, the opercidum (Fig. i3 a), 
closes ih.e foramen ovale. 

b. To the operculum is attached a bony, club-shaped piece, 
the columella anrig (Pig. 1 2 a'), which has at its inner, thicker 
end a cartilaginous epiphysis, the Intorstapedial ; it lies 
transversely with the apex directed outwards, and this longer 
portion is the mediostapedial. 

e. To the apex of the mediostapcdtal is attached, at an 
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obtuse angle, the third cartilaginous piece, the extra- 
stapedial (Fig. 12 a"). It is attached to the tympanic 
membrane, and by its upper portion is festened to the 
cartilaginous tympanic ring by a smaller piece, the supra- 
stapedial. 
3. The tympanic ring {annulus tympanicus) is an annular cartila- 
ginous frame ; or more exactly, has the shape of a short, truncated 
cone, as it narrows towards the middle line : it is attached to the 
squamosal bone. (See Organ of hearing.) 

3. The parasphenoid, 09 spAenoideum, Cuvier (Figs. 1 1 and 16 s). 

Ouviep. I c, p. 388, PI. XXIV, d.— Dxigdg, n. 8.— Meckel, TheU des 
GrundbeinB. — Parker and Bettany, 2.C., parasphenoid. 

A large portion of the base of the cranium is taken up by this 
cruciform bone. Of the two longitudinal median processes, the 
posterior is by far the shorter, and lies in front of and partly 
below the cartilaginous os occipitale basilare. The anterior longer 
longitudinal arm closes in the greater part of the cranium from 
below, and articulates by its outer edges with that part of the 
prootic bones often described as the alae magnae, and also with the 
cartilage lying in front, which forms the greater part of the lateral 
walls of the cranium. The anterior extremity of the bone articulates 
with the palatine bones. The transverse arms lie on the under 
surface of the exoccipitals and of the prootics. 

The greater width of the cranium in 22. temporaria is associated 
with the greater relative width of the anterior arm of this bone. 

4. The f^onto-parietal bones, ossa fronto-parietdliay Cuvier 
(Figs. 10 and 14^). 

Cuvier, I.e., p. 387. PI. XXIV, c. c— Dogda, n. i.— Parker and Bettany, 
l.c,, fron to-parietal. 

These are a pair of somewhat long, flat bones, which form the 
principal part of the upper wall or roof of the cranium, and cover 
in superiorly the cartilaginous cranium, which is here, in great 
part, persistent. They are united in the middle line by the sagittal 
suture ; posteriorly they articulate with the exoccipital and prootic 
bones ; anteriorly with the sphenethmoid, which they overlap like 
tiles. The outer margin of each bone is bent somewhat down- 
wards (Fig. 16 fp), and between it and the parasphenoid there is a 
space in the wall of the cranium which is closed in by cartilage and 
connective tissue only. 
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These bones are narrower in R, esculeiita, and along the sagittal 
suture are depressed into a groove : where the superior surface bends 
down to become lateral the edges are much more prominent. In 
R, temporaria the bones are broader and flat or even somewhat arched. 
The latter condition is still more marked in i?. oxyrhinun, 

5. The sphenethmoid^ os ethmoideum (Figs. lo^ ii> I4> and 
i6e). 

Ouvier, oe en ceintnre, Z. c, p. 387, PI. XXIV, a.— Dugds, n. 1 5.— Bathke, 
anterior or sphenoidal wing (Yortr. z. veigL Anat. d. Wirbelthiere, 
Leipzig, 1 86a, p> 4a)' — Meckel, Bieohbein, I.e., p. 50a. — Parker 
and Bettany, I. e., ethmoid. 

The long tubular cranium is completed anteriorly by a single 
bone, which forms at once the roof, floor, and lateral walls. It is 
consequently more or less ring-shaped, on which account it has been 
named ^ os en ceinture ^ by Cuvier. Only the posterior portion is 
annular, however : the anterior portion forms a double canal, with a 
median partition, for the passage of the nerves of smell, and as these 
canals are widened out anteriorly, this part of the bone helps to 
complete the nasal cavities, which, however, are bounded for the 
most part by cartilage, as described below. In some species of 
frogs (as for example R. occellala, Rathke) this cartilage is partly 
ossified. 

The sphenethmoid has on each side a small bony canal, running 
forwards and inwards, through which the ramus nasalis of the first 
division of the trigeminal nerve passes. 

The cartilaginous skeleton of the nose (Figs. 14 and i6n, n'\ n"\ 
»""). The anterior borders of the funnel-shaped cavities of the sphen- 
ethmoid pass into cartilage, which forms two capsules, separated from 
each other by a median cartilaginous septum, and opening laterally. 
We can distinguish, (a) a cartilaginous septum, forming a continu- 
ation of the bony one ; (4) the floor of the nasal cavity, narrower 
behind, wider in front ; (c) a roof somewhat narrower than the floor. 
The floor and roof are united in front by an arched surface. From 
this cartilaginous capsule various processes project, which unite it to 
other portions of the facial skeleton : firstly, from the most posterior 
portion of the capsule there passes transversely outwards a bar of 
cartilage (*»), which, widening, becomes continuous with the carti- 
lage (*p") forming the basis of the anterior arm of the pterygoid 
bone. From the anterior angle a cartilaginous process passes out- 
wards (Figs. 14, 16 «''), which is attached to a projection on the 
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Fig. 14. 



anterior end of the maxillary bone ; from the same spot a horn- 
shaped cartilaginous process (n", n'") curves round baeknurds and 
towards the middle line. This projection hounds the nasal cavity 
estemallj', sending o£E 
a free process (»'") 
on the way, and ends 
with a double point on 
the roof of the carti- 
laginous nasal cavity 
(»""}. On the floor of 
the nasal capsule, on 
either side, is a knob- 
shaped cartilaginous 
eminence, running 
from behind, forwards 
and outwards; this may 
be re^rded as an in- 
dication of a turbinated 
bone. From th© an- 
terior wall there passes 
into each nasal cavity 
an almost horizontal, 
partly ossified plate 
(c.H. ),ending posteriorly 
in a free pointed bor- 
der. These are the 
cormts of Diigfis {I. c, 
p. 12, PI. I, Figs. I, 
5), who correctly re- 
garded them as tur- 
binated bones. Cuvier 
described them as rudi- 
mentary nasal bones'. 
The alar cartilages of the nose have still to be described. They 
are (a.«.) shell-shaped cartilages, hollowed out on the inner sides and 

' Curier (OsBBm. foesil., V, 1. 388) n.ji that thne littla bonea are fiied outMde 
tha Diwal cavity, to that we in«j lappoae that he confounded them with the 
nasal cartilag™ fonnd in this aitaatioo. Dugfes correctly indioales their poiition 
to be iniide of the nasal ct^isule. Meckel (Vei^l. Anat. II, 504) also rcgarda 
them u naul bones. Bnich (WOnb. natiirwUii. ZeitMhrift, vol. II, 1861, p, ai3) 
could not find them in any frog-BkiiU, JoubtloB because be did not look inaide the naaal 
capeiilea. 
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decreasing in width from before backwards, 
attached by their anterior broader ends to 
the tips of the projecting portions of the 
premaxillary bones, and are so arranged 
as to bound the lat«ral margins of the 
nasal apertures, which they overlap. 
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Amndlng prawHi of ul 



e. The cartilaginoua basis of the 
aknll, Primordiat crarthim (Figs. 14, 16), 

a. If the fronto-parietals be removed, 
(Figs. 14, 16), a cartikge («') is found 
which partially closes the cranial cavity, 
and which is usually perforatetl on either 
side by a foramen (/'). 
More anteriorly in the 
median line is found a. 
space (/) which ex- 
tends to the spheneth- 
raoid bone, and is only 
closed by connective 
tissue : posteriorly the 
cartilage extends be- 
tween the esoccipitals 
as far as the foramen 
magnum, representing 
theogoccijti/a/e superiii ». 

b. The base of the 
cranium is(Fig. i6)also 
partly cartilaginous. If 
the parasphenoid (*) 
be removed we find 
above it a cartilage («') 
which passes back- 
wards between the ex- 
occipitals, and extends 
as far back as the 
foramen magnum -. it 
corresponds to the o» 
oeripitale batilare. 

o. The sides of the cranium are formed almost entirely of t 
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tilag^. This cartilafri; fills the sjiace bounded by the nasals above, 
the parasphenoid below, the so-called ata magna of the prootic bone 
behind, and the Bphoncthmoid in front ; and has in its poBterior part 
an aperture (/■) thn>ugh which passes the nervug ojit.iciit, and below 
this a umaller one (/) for the nervm aiilDcent. The extent of the 
cartilage il^ the antero-posterior direction is g^reater in Jii eteuletUa 
than in R. leiaporaria, or in oilier words the t>-plienethmoid stretchea 
further baek in the latter than in the former. 



H, Thi; Honks of the Face, 
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"""*" ( a™, of Ih. P"^^ 

H. B". «■" rroiHHfl lit Uio ear. I' UidiUs > , (■ , i 

Uliwo. " FoKerior' -l'"'u>«^ OI |.|] 

fossa 
proceftiit s^gomalkiit, and is bound to the uppc: 
In R. temporaria it is comparatively much 
etcuUitta. The posterior upper arm (/^) artie 



The 

7' The squamosal 
bones, ogm tympanica, 
Cuvier (Pigs. JO, 14^). 

Cuvier, out. Jota., V, 2. 
390, PI. XXIV. Fig*. I. 
3 n. — DugSs, lemporo. 

Meckel, Articular part 
of temporal. — H»U- 
mann ami otheni. quad- 
rate-bone. — Parker. 
stid Bsttan7,/.(>..H|iia- 

The suspensorium, 
which forms the arti- 
culation between the 
cranium and the lower 
jaw, is T shapwl, and 
consists of cartilage 
covered by bone. Of 
the three arms of the 
T the anterior has a 
free pointed i-xtremity 
/M at the 
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bone : the third or lower arm (/^), supported by a cartilage ^, runs 
backwards and downwards to unite with the si^e of the broad 
hinder extremity of the quadrato-jugal bone. 

The cartilaginous basis ^ of the suspensorium (Fig. 1 7 spy %p') is a 
direct continuation of the cartilaginous basis of the cranium^ and 
proceeds from it to the outer extremity of the prootic \ from this 
point the cartilage runs backwards and divides into two branches ; 
of these, one (*/?') retains the original course backwards and 
outwards towards the articulatipn of the. lower jaw, and in con- 
junction with the quadrato-jugal i^j) forms this joint. The other 
{9p") is directed forwards along the anterior arm of the pterygoid 
bone ; it widens in front (*w), and becomes directly continuous with 
the cartilaginous strut described above as projecting from the 
hinder part of the cartilaginous olfactory capsule. 

8. The quadrato-jugal bones, o%sa jugalia, Cuvier (Figs. 10, 

Dugds, iympano-malUal, n. 1 1. — Ouvier, I, e., p. 399, PL XXIV, Figs. 
T, 2 o. — HaUmairn, quadrato-jugal bone, I. c, p. 39. — Parker and 
Bettany, I.e., quadrato-jugal. 

This is a small process of bone, likened by Dugfes to a comma, 
which rests by its posterior broader extremity on the cartilage of 
the mandibular arch ^, and forms with it a portion of the articular 
head for the lower jaw. The anterior extremity is pointed, directed 
forwards, and attached by ligament to the maxillary bone. 

9. The pterygoid bones, ossa pterygoidea (Figs. 10, 1 1,17, 19/?/). 

Ouvier, /.c, p. 389, ]P1. XXIV, Figs. 1,3 m m. — Dogda, n. 9. — Parker 
and Bettany, /. c, pterygoid bohe«. 

These bones, shaped like the Greek letter A, possess each three 
arms : of these the middle one is attached to the under surface of 
the prootic bone by a cartilaginous process (Fig. 18 sp); the hinder 
grooved arm lies upon the under surface of the cartilaginous suspen- 
sorial arch (Fig. 1 8 sp') ; and the anterior arm (pt) runs forwards 
along the inner border of the anterior ramus of the suspensorium 
(^''), in contact with the maxillary, palatine, and nasal bones. 

The cartilage just mentioned, by means of which the middle arm 
of the pterygoid is connected with the cranium (compare Fig. 18), 
proceeds from the cranial origin of the cartilaginous arch (sp), 
turns downwards and then forms a sort of articular head (rpl), 
which is articulated to an oval flat elevation of the prootic cartilage 

^ Ttaa cartilage is the quadrate cartilage of Parker ; others regard it as the upper 
end of the cartilaginous mandibular arch, of which Meckers cartilage is the lower 
distal part. 
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by a movable joint. Externally the 
articular head curves somewhat abruptly 
into the bony eubatance (Fig, i8 pt) 
of the pterygoid bone. 

10. The maxUlary bones, oua 
maailhria superiora, Cuvier (Figs. lo, 
ii,T7, 19M). 

CuYier. t.e., p. 389. PI. XXIV, Rg,. i, j k k. 
— Dns^t, n. 4, maxillo-jtigal. — Puker 
,, maxillary bonea. 



Fig. 19. 



These are elongated, curved bones, 
narrower behind, broader in front, .and 
forming with the quadrato-jngals the 
bony Kupport of the 
face. The superior 
surface is convex and 
directed outwards, the 
inferior surface is 
grooved and bears 
teeth along the outer 
edge of this groove. 
From the upper and 
inner border of the 
anterior half of this 
bone a process {pro- 
cesivx frontalis) passes 
upwards, which' articu- 
lates with the nasal 
bone. The anterior ex- 
tremity of the bone 
articulates with the 
premaxillary bone, the 
posteriorwith the quad- 
ra to- jugal. 

The maxillary bone 
articulates at its an- 

n ExnteliJtal. ip" Ciirtilnge nniJer pteij- tcrior end (Fitr. 10 n"^ 

p( PjOmino, r ViiniM. With S, pIWCBS Ol the 

cartilaginous capsule 
of the nose. The broad plate of cartilage (Fig. 19 «), under 
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cover of the proeestva fronlalig, connecti* the hindermost transverse 
portion of the naeal cartilage with the cartilage which rune forwards 
from the suspensorium upon the anterior arm of the pterygoid. 

11. The nasal bones, tM»fl/7-on^o-«aM//a,DugS9 (Figs, lo, i7/«). 

Ciivier,,^n'ii/e anieriiu, l.e.,^i. — Dngda, n. l. — Ueokel, ntatX bone. — 
— PklkoF and Bettaoy, /. c, n*Ml booei. 
These flat, triangular hones, which rest upon the nasal cartilages 
(fl), assist to bound the orbital cavities in fronts and are connected 
by their external angles with the maxillary bone on either side '. 

12. The premaxillary bones, oxm inferwaxi/laria (Figs. lo, 1 1, 
17, i9>). 

Curtw, /. e.. p. 388, PI. XXIV, Pig«. I, 
Bottany, I.e., premuullary bnn^a. 
Thc«e two bones are unit^ 
in the middle line : each consists 
of a tooth-supporting portion, 
which completes the maxillary 
arch, and an ascending pro- 
cess, to the apex of which the 
nasal cartila^ is articulated 
by a movable joint {an). As 
muscles are attached to this 
process, it becomes a lever, 
by which movements are ef- 
fected. 

13. The palatine bones, 

PMo palaiiiia (Figs. 19, 20 pi). 

OuTlep, I.e., p. 3S9. PI. XXIV, 

Fip>. I, J i i,— -DQgi«, n. 7.— 

P»fker mnd Bettuiy, l.cpnln- 

Are two transverse bony 
bare, situated under the anterior J]» Trigninin^onu^u? '" 
portion of the sphenethmoid '■* l"^"™- 
bone on either side: each es- pt' PMMrtotinuotiPierjggw, 
tends outwards from the a]>cx „ vranerT^ 
of the parasphenoid to the maxillary bone, where tliif 
ascending process to the nasal bone. 

' For o* mualt. Caviar (I. e., g), cornet {concha), Dugi«, see cm 
otpnila. p. »7. 
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14. The vomers^ vomer (Figs. 19, 20 v). 

Ouvier, l.c, p. 389, PI. XXIV, Piga. i, a 1 1. — Dog^B, n. 6. — Parker 
and Bettany, l.c, vomer. 

A pair of flat bones, placed horizontally on the under surface of 
the cartilaginous nasal capsule in the triangular space between the 
palatine bone and the anterior portion of the arch of the jaw. They 
limit the outer border of the floor of this capsule, which lies in 
a groove on the dorsal surface of the bone. The outer border of 
each bone has three processes, and between them two notches ; the 
hinder of these notches bounding the posterior nares. The inner 
borders of the two bones touch, and the under surface of each bears 
a transverse row of small, pointed teeth. 



16. The mandible, maxilla inferior (Fig. 21). 

Cuvier, Z.<?., p. 398, PI. XXIV, Figs, i, 2 rst. — Dxiges^ n. 16, 17, 18, 19. — 
Parker and Bettany , I. c, mandibular arch. 

The mandible consists of two bony arches united by ligament in 
the middle line, and each formed of four pieces. These are, (i) the 



F?g. 21. 






A Mandible of Bona esatlmta, from above, nat sue. 

B External view of left side, > *„•_ „ * 

/, - 1111 } twice nat. awe. 

C Anguloeplenial, / 

1. Angnlosplenial. 

2. Dentary. ^ 

3. Mentomeckelian. 
4, 4' Meckel'g cartilage. 

(I. Rudimentary procesmt eoronoidetu. 
b. Groove for Meckel's cartilage. 



angulosplenialy a 
strong, bony piece 
(Pig. 21 C, 5 1,^1), 
which forms the in- 
ferior and internal 
part of the lower 
jaw; below> it ex- 
tends posteriorly, as 
far as the articula- 
tion ; in front, it is 
attached to the den- 
tary. In the greater 
part of its length it 
has a groove directed 
upwards and out- 
wards (C, i), anid 
above has a pro- 
cess which repre- 
sents the processus 
coronoideus : (2) the 
dentary (A 2, J? 
2), a bony lamella 
which rests on the 
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outer surface of the anterior half of the angfulosplenial^ and articu- 
lates in front with Meckel's cartilage ; it is a thin^ flat lamella of 
bone ; (3) in the groove of the angulosplenial is found a cartilage 
occupying its entire length (A 4, £ 4), Meckel's cartilage ; it is 
broader behind^ and here forms the articular fossa of the lower jaw ; 
anteriorly it is covered by the dentary, ana articulates with the 
(4) mentomeckelian {A 3^ B 3) at its anterior end^ which is bound to 
its fellow of the opposite side by ligaments, and unites the two 
halves of the lower jaw. 

The upper part of Meckel's cartilage, which forms the joint with 
the suspensorium, must be regarded as the arliculare; to this also 
belongs the anterior, ossified portion of the mentomeckelian ^ ; the 
dentary, which covers Meckel's cartilage, must represent the os 
dentale ^ ; the first and largest bone, the angulosplenial, which lies 
on the inner side of the cartilage, must be considered as the os oper^ 
cul(Mmgulure, Dugfes, for it contains the elements of these bones. 



16. The hyoid bone, os hyoideum (Fig. 22). 

Parker and Bettany, /. c, hyoid. 

This consists of a broad, thin, cartilaginous plate, with processes 
passing from it as represented in the figure. We distinguish in it : — 



Fig. 22. 



(a) the body (-ff), somewhat oblong, and 
wider in front than behind. From the 
anterior angles there projects on either side 
a blunt rounded process (h)\ from either 
posterior angle a more pointed process (^'). 

(b) The anterior comua (-H') {comiia ily- 
loidea) project from the anterior border of 
the body, first in a forward direction, then 
in a curve backwards and upwards (compare 
Fig. 1 2). to unite with the cartilage of the 
prootic bone. Where the direction of these 
comua is changed each sends off a short 
blunt process, (c) The posterior comua 
{comua thyroidea) (H^^ are boriy rods which 
run from the hinder margin of the body, diverge posteriorly, and 
enclose the larynx. 




Hyoid of Rana escutmta, 
twice nat. tixe. 

n Bodj ; h h' prooenea. 
//' Anterior horn. 
//" Poaterior horn. 



' Dog^, 09 dentale. 



' Dug^0, aurangulaire. 
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III. THE STERNUM (Fig. 24 e», ha). 

Ouvier, I c, p. 401, PI. XXIV, Fig. 31 «/.— Dugdg, n. 27, 28.<— Parker 
and Bettany, Le,, stemQm. 

The bones of the sternum are in very close relationship with the 
shoulder-girdle, and some difference of opinion exists as to the rela- 
tions of the several parts. 

The following parts must be regarded as undoubtedly 
belonging to the sternum : — 

1. An anterior part, consisting of a bony and a carti- 
laginous portion. 

a. The omosternum (Figs. 23, 24 e.s,) is a bony 
rod, wider behind, narrower in front, and supports 

6. The episternum (Fig. 24 es'), a semicircular 
plate of calcified cartilage, with a thin free border 
of unchanged hyaline cartilage. 

2. A posterior part, which also consists of a bony 
and a cartilaginous portion. 

Fig. 24. 




OnuMtemam 
otBanaescu- 
UntOf twice 
nat size. 
a Anterior, 
p Posterior 
extremity. 




Shoulder-girdle and ■temum of Rana etcuUnla, twice nat. site. 
The scapula and suprascapula are turned outwards. 

c. Connecting cartilage. h $. Sternum proper 

d. Claviclee and precoracoid«. Its' Xiphistemum. 
CO Goraooid. o Bone. 

e^. Omosternum. </ Calcified cartilage. 

ft* EpiBtemum. *c. Scapula. 

h Hyaline cartilage. tc* Suprascapula. 
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a. The stemum proper (Fig. 34^.*.), a rod of cartilage 
ensheathed in bone, broader in front and narrower behind. 
To its posterior extremity is attached 

i. The cartilaginous xiphistemum (Pig. 24 h^, a plate, the 

shape of which is best understood by referring to Fig. 24, and 

the structure of which is similar to that of the epistemum. 

3. The epicoracoids^ Ee between the epistemum and the stemum 

proper: they are a pair of narrow cartilages, closely applied to 

each other and placed between the ventral ends of the precoracoids 

and coracoids, see p. 40. 



IV. THE BONES OF THE ANTERIOR EXTREMITY. 



A. Bones of the Shoulder-oirdlk. 

The shoulder-girdle of the frog (Fig. 25) consists of four bones, 
two in the upper or scapular portion^ and two in the lower or. 
coracoid portion. 

1. The scapular portion, 
a. The suprascapula, j)ars sujpra- 
9cajyu!<iri8 scapulae^ scapula superior 
s. omolita (Figs. 25/, 26, 27). 
This forms the upper, thinner por- 
tion. It is trapezoid in shape, its 
narrowest, thickest, and lowest 
border articulating with the sca- 
pula. The remaining three borders 
are free; the posterior and supe- 
rior borders are very considerably 
thinned out, the inferior surface 
is curved towards the ventral 
surface. Only the thin upper and 
hinder borders {hh) are of hyaline 
cartilage ; the middle portion (co) 
consists of calcified cartilage ; the 
lateral part {0) and the anterior border {0') of tme bone. 

The bony part forms a thin plate striated both radially and 

• Dng^, l.Ci p. 61, regards the cartilaginous laminae as 09 epiiiernaU and proc, 
xipAoideus, and the two bones e.9. and h.s. (Fig. 24) as sternum. 




Shoulder-girdle of the frog in traiuTerM 
section, diagrammatio. 
c Connecting cartilage. 
e' Epiooracoidn. 
cl Clavicles. 
h Hnmenu. 
# Scapula. 
t' Suprascapula. 
M Articulation of these two. 
V Vertebra. 
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ooncentrically with the margin. The anterior border ((/) is bent 
on iteelt' so as to form a groove (Fig. 27). The dorsal 8urfa*^e 
of tluB bony plate is quite smooth, and covered only by periosteum ; 
the ventral eurfaee, on the contrary, is for the most part covered 

Fig. 16. 




' AntBriot cofvfld bonlftr 



by an even layer of calcified cartilage {Fig. 27 co'). This 
directly into the second portion of calcified cartilage {co) ; sfj that if 
the whole be dried, the thin liard lamina of bone can easily be split 
away from the underlying parchment-like cartilage. The layer of 
calcified cartilage is, however, not so complete that the lupratfapula 
can be said to consist of calcified cartilage, 

b. The Boapula (Pig9. 25*, 28, 19) is a long, flat, four-cornered 
plate of compact bone, contracted in the middle, and wider at either 
end. From above ( Fig. 28 /) it descends to the shoulder- joint with a 
slight, cur vaturcj with the con- 
vexity directed outwards. The 
inferior or ventral border (Fig, 
28 m), which assists in the forma- 
tion of the shoulder-Joint, is cleft 
into two processes, a ventral and 
a doi-sal. This may be best seen 
by looking at the border of the 
bone from behind or before (as 
in Fig, 39), The lower ventral 
proceee (Fig. 39 c) may be re- 
garded as the acrvmipu, or at 
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least as a rudiment of the acromion^ i, e,, spina scapulae. The upper 
dorsal process evidently represents a rudimentary processus coracoi- 
deus. The anterior border (Fig. 28 a) is free, somewhat sharp, and 
slightly concave; the posterior (Fig. 28/), also concave, is free 
externally ; while internally, where the division of the ventral border 
commences, it takes part in the formation of the articular cavity of 
the shoulder (Figs. 28 and 29 c.a.). 

Articulation with the supiascapula. The scapula consists of 
a shell of compact bony tissue and an inner portion of cancellous 
tissue ; this latter passes, at the boundary between this bone and the 
suprascapula, through an intermediate layer of calcified cartilage, 
which is directly continuous with the cartilage of the suprascapula. 
The compact superficial layer ceases where the calcified cartilage 
begins, and the periosteum of the scapula passes directly into the 
perichondrium of the suprascapula. 

2. The ventral portion of the shoulder-girdle consists of three 
parts, which lie one behind the other. 

a. The larger and posterior bone, the ooracoid (Figs. 24 co, 30), 
is contracted in the middle, and expanded 
at either end, especially at the sternal end. 
The inner half is flattened from above down- 
wards ; externally it becomes more cylindrical. 
The anterior and posterior borders are markedly 
concave; the outer border (Fig. 30 /) ar- 
ticulates by means of a cartilage with the 
proc. coracoidens of the scapula ; the inner bor- 
der (w) is separated from its fellow of the 
opposite side by the epicoracoids. This inner 
border is so broad, that it almost touches the 
inner end of the clavicle (Fig. 24 cL), A 
ooraooid foramen is thus formed between the 
two bones, similar to the foramen ovale of the 
pelvis. 

b. The small anterior bones of the ventral portion of the shoulder- 



Fig. 30. 





Left ooraooid, twioe nat. 
size. 

a From below. 
5 From behind. 
/ Outer extremity, 
m Innei extremity 



girdle (Figs. 24 c/., 31), I, like Cuvier and 
others, regard as olavioles. Dugcs (n. o^'i) 
names them ' acromial,' Each bone is nar- 
rower than the coracoid, smaller internally 
(i«), broader externally (/), and articulates by 
this broader end with the cartilage uniting the 



Fig. 31. 




Clavicle of the left side, 
twioe nat size. 
/ Onter extremity, 
m Inner extremity. 
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Fig. 33 




Right shoulder-girdle of Rana escutenta, from 

above. 



ea Cav. articularis. 
cc Cartilage. 
e( Clavicle. 



CO Coraooid. 

sc Scapula. 

S€^ Supraacapula. 



dorsal and ventral portions ; 
the inner extremity rests upon 
the epicoracoid. The clavicle is 
grooved on its superior and 
posterior surfaces in almost its 
whole length; the groove widens 
exteriially (/), and contains 

o. The preooraooid (Fig. 
34^^), a slender bar of cartilage^ 
connecting the anterior edge of 
the scapula with the sternum. 



Cartilages of the shoulder-girdle (Figs. 24, 32, 34). A car- 
tilage (c)y described by Duges as the ^paraglenal/ connects the 
scapula with the coracoid, and converts the notch between the two 
processes (* and v) on the inner border of the scapula into an 
aperture opening posteriorly into the glenoid cavity, and which is 
filled up by the lining cartilage. This cartilage connects the two 
processes with the coracoid; being thicker between this and the 
proc, coracoideus, it takes an important share in the formation of 



Fig. 3.^ 




Fig. 34- 




Hinder border of the oca- 
pula and coracoid, with 
the connecting cartilage 
and Blioulder-Joint, twice 
nat. size. 

c Connecting cartilage. 

d Domal prooeeB. 

cxt Coracoid. 

»c Scapula. 

V Ventral prooesa. 



Clavicular cartilage of a young specimen of Hana etcuknla^ 
enlaiged to the adult size. 

e Connecting cartilage. 

e Epiooracoids. 

c' Ligament between the two cartilages. 

cl Clavicle. 

cl* Clavicle and preooraooid. 

CO Coracoid. 

co' Cartilage of same. 

ft OmoBtemuni. 

h* Sternum proper. 



the floor of the glenoid cavity. At the outer extremity of the 
clavicle the cartilage projects and is ,then continued in the groove 
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on this bone towards the middle line (Figs. 32, 34), where it 
widens out, and is united by its external margin with the stemiun, 
thus forming the precoraeoid as already described, see p. 40. 
These connections are best seen in young animals, as is shown in 

Kg. 34. 

The clavicle (cl) is of ossifying cartilage ; the cartilage (c), the 
epicoracoid, is very large, and hyaline, and at cl runs directly into 
the epicoracoids, which are here united mesially by ligament. In 
the fully developed animal the whole of the epicoracoid changes to 
calcified cartilage, as also does the precoraeoid lying in the groove 
of the clavicle. 



B. Bones of the Fore Limb. 

1. The arm has but one bone. 
The humerus, og humeri (Figs. 35, 36, 37). The shaft of the 
humerus is, on the whole, cylindrical, the middle part being the 

Fig. 35. Fig. 36. Fig. 37. 





cm 




UnmemB of Rana ft- 
cukntaj fonuUe, aeen 
from below. 



Uumema of Rtma ea- 
cuknta^ male, seen 
from below. 

Figures twice natural size. 



Humerus of Rana 
esculaUOt female, 
outer side. 



e Anterior extremity. ef Posterior extremity. cd Crista deltoidea. 

cm Crista medialis. t trochlea. 



narrowest ; its dorsal surface is slightly concave, the ventral surface 
convex. In the upper half the cylindrical form is indistinct, from 
the presence of a well-marked crest (crista deHoidea) upon the under 
or ventral surface. The hinder half of the bone has very different 



42 



THE BONES .\SD JOINTS. 



Bhapue in the two sexes : in the female it remains eylindricial as far 
as the elbow- joint ; in the ■ male, on the posterior surface, wliere 
the irU/a ilelloUIea ceases, a marked ridge (eruta imdialis) arises, 
which gradually winds inwards and terminates at the inner condyle. 
This sexual difference is found in all the three spc*ies described in 
the Introduction, and it would seem that this ridge increases in heig^ht 
during the pairing season. The muscle which arises from this process 
is \hejhxor ear/ii radialtn (Fig. 74 Fc), and it attains, in the mates, a 
very large size at the eamc period ; indeed, it is at its origin twice 
as broad as in the female. Bugeci ^ has incorrc<^^tly stated that 
this crUfu is a peculiarity of Hajia temjKtraria, and is wanting in 
liat/a esciiletila. Pouchet* first observed that it was a sexual dis- 
tinctiou. 

The anterior articular extremity presents a rounded head, which is 
somewhat flattened externally. The inferior ventral border is sharp, 
and developed into the above-mentioned bony crest (crista deltoUiea) ; 
the free border is arched and carved outwards. Above, on the 
outer surface of the head, is found an eminence which may be 
a rudimentary tuberc. main*. The inner half of the head is 
articular. 

Tlie posterior articular extremity consists of a rounded head (f'), 
attached to the posterior extremity of the shaft. ; internal to this is 
a small troc&fra ('), placed npon the iimer condyle. The external 
condyle ia but small. The hcatl is embraced by these condyles. 
Upon the imder sur&iee, above the head, is the fotia culAfaii* 
anterior. The structure of the two articular extremities of the hu- 
merus differs ; the upper, as in long bones generally (see l>age 16), 
consista of hyaluie cartilage surrounded by calcified cartilagi', which 
again is covered by hyaline articular cartilage ; tlie lower extremity 
ia composed of spongy bone, with roundish marrow spaces, and for 
the most part covered by a layer of calcified cartilage. 

The shoulder-joint. The socket is formed by the posterior border 
of the scapula, by both the processes of that bone, the outer [HtrtioD 
of the coracoid, and besides these by cartilage, which forms the 
articular surface already described (Fig. ^^). Tn the macerated 
hone the floor of the socket opens dorsaUy into a fossa 
between the processes of the scapula (Fig. 32). This oi)cning, in 
the natural condition, is closed by synovial membrane only ; the 
cartilage covering the rest of the space being absent (the sac may 

' (. c, p. 68. ' CoQi|jt, renJ. vol. XXV, 1847. p. 761 . 



THE FOKE-LIMB. 



43 



easily be inflated^ either from the joint itself or through the opening). 
The margin of the socket consists of a labrum^ partly fibrous and 
partly cartilaginous^ which is easily removed entire. The capsule^ 
which is attached beneath the caput humeriy arises from this. From 
the articular cartilage of the ventral margin of the socket^ and from 
the adjacent part of the scapula^ proceeds a strong band^ which is 
inserted into the flattened outer surface of the head. 
2. The forearm. 
The radio-ulnar, o% aniibrachii (Fig. 38). The two bony 
elements of the forearm are fused into one, which, however, shows 
traces of its compound character. Of these two bones, Y\^, 38. 
that which forms the inferior (in man anterior) border 
is the radius, the other the ulna. The relative posi- 
tions of the bony elements are such that they ap- 
pear to be in a state of semi-pronation ; by this the 
thumb-border of the arm is directed downwards (in 
man forwards). The two bones so imited form a 
flattened, tube-like bone, the grooved surfaces of 
which are directed inwards and outwards respectively; 
the borders being dorsal and ventral. The shaft of 
the bone is narrower above, becoming gradually wider 
below. In the upper half, the groove showing the 
line of jimction of the two bony elements is 
scarcely visible, and it appears as though this part 
consisted of ulna alone, the radius not reaching so 
far; below the groove is more marked. The upper 
articular extremity appears to consist of an olecranon 
(Fig. 38 w') and a processus coronoideiis (/), between 
which is the greater sigmoid cavity (cavitas gigmoidea major) for 
the proce99M cubitalis humeri, A more careful examination shows 
this to be incorrect : the portion of the concave articular surface, 
which lies in the immediate neighbourhood of the ventral border, 
undoubtedly represents the articular surface of the capUulum radii, 
and the upper portion of the articular surface (at u') belongs to the 
ulna and articulates with the trochlea (Figs. 35, ^6 t) of the 
humerus. The inner border of the upper extremity of the bone 
articulates with the groove t of the humerus. The inferior 
extremity forms one of the usual cartilaginous epiphyses, enclosing 
the two bones. That part of the extremity corresponding with 
the radius is triangular and convex, it is prolonged upon the 
inner or under surface of the bone by means of a process; the 




u r 

Radio-ulnar of 
the right side 
of Rana escu- 
<ento,twioenat. 
edze. 

r Radios. 
K Capitolum ra- 
dii. 
u Ulna. 
vf Olecranon. 
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ulnar portion of the bone forme a capituluw. The etructure of 
the inferior extremity is that of epiphyses in general, except that 
there are two medullary cavities in a common sheath of calcified 
cartilage; the anterior head consists of cancellous tissue, with a 
covering of calcified cartilage. 
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3. Bones of the hand (Fig. 39). 
Dn««i, PI. VIII, Fig». 37, 38, 39, 40, 41, 
43. 43. .li- 
ft. Bones of the wrist, osta carpi. 
These are arranged in two rows, proxi- 
mal and distal. The proximal or an- 
tenor row has three bones, viz. : — 

1. 0» /»na^aw, the middle bone (Fig. 
39 1), Duges, n. 38, articulates with the 
radial part of the articular surface of 
the radio-ulnar by a concave surface; 
with the large bone of the second row 
[he) it articulates by means of a rounded 
head; and. with the two other bones 
of this row, Oi navieulare («) and pjfTa- 
midale {p), with the former by a saddle- 
shaped surface, with the latter chiefly 
by ligament. The bone is irregularly 
cuboid ; the dorsal and palmar sur&ces 
are non-articular. With Dugis 1 regard 
this bone as ot lunalutn ; Mert«nB ' re- 
gards it as o» navieulare. 

2. Ot pyramidale {Fig. 39 p), Dugfea, 
n. 37, articulates with the ulnar part 
of the posterior articular extremity of 
the radio-ulnar. Anteriorly the bone 
has a facet which receives the capitu- 
luin ulnae, and alongside this a small 
flat surface which articulates with the 
radius. Posteriorly, opposite to l^e 
second row, it presents a long raised 
articular surface, extending from the 
dorsum to the palmar surface; and on 
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the palmar aspect of the bone is a ridge running from before back- 
wards. Mertens names this bone 09 lunalum, 

3. Os naviculare (Fig. 39 n), Dugfes, n. 39. The third bone 
of the first row does not articulate with the bones of the forearm. 
It is connected with the os lunatum by a saddle-shaped surface, pos- 
teriorly with the OS capitalum by means of a concave surface. Oq 
the inner surfat;e is a small concave articular facet for the os mult' 
angulum minus or trapezoides (Fig. 39 f). The convex palmar 
surface of the bone articulates with the os multangulnm majvs (I) ; the 
radial side is non-articular, and with the os lunatum forms a ridge 
directed forwards. Mertens names this bone os triqnetrum. It is 
evident^ however^ that if the arrangement in man obtains as a 
standard^ the nomenclature of Duges, which I have here used, is 
correct; but the os naviculare is no longer in contact with the 
articular surface of the os antibrachii. 

The second or distal row also consists of three bones : — 

4. Os capitatO'hamatum (Fig. 39 he), Duges, n. 40, 41, 42, 
corresponds with the os capitalum and hamatvm'^, which are here 
fused together. It is the largest bone, and articulates with all three 
bones of the first row ; it is crescentic, with the concavity directed 
posteriorly, and on the convex surface has three facets for the three 
outer ossa metacarpi, 

5. Os muUangulum minus, s, trapezoides (Fig. 39 t^), Duges, 
n. 43, is a small bone lying next to the foregoing ; it articulates 
with the OS metacarpi II, and anteriorly with the os naviculare. 
Dug^ considers it to be the os trapezium, 

6. Os muUangulum majus, s, trapezium (Fig. 39 /), is a small 
bone, which is placed on the convex palmar auricular side of the 
OS naviculare, Dugfes regards this bone as os metacarpi pollicis 
(Dug^s, n. 44), Mertens as muUangulum minus. It appears to me 
that the interpretation here given is justified, because it articulates 
with the rudiment of the thumb, and as it possesses no resemblance 
to a long bone it cannot be regarded as an os metacarpi. 

Structure of the carpal bones. All the carpal bones consist 
of calcified cartilage, though variations due to age occur in the 
amount of the deposit. 

Wrist joint. As stated above, the os lunatum and ospyramidule are 
articulated with the forearm. In addition to the capsules uniting 
the parts, there are strengthening ligaments, two of which require 
special mention. One of these arises from the palmar surface of 

^ Dag^B thinks that 09 trapezouhs is also included. 
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the posterior extremity of the ulna, and passes to the shar^) palmar 
ridge o£ the os pgramidale, where it is attached, and is inserted into 
the o» capilaio-fiamal-um ; the second ligament paseea in a similar 
manner on the palmar surface from the raditia to the 09 navi'ciileire. 
Between the two iigaments there is on the volar surface a deep 
excavation . 

Fi?. 40 Movements of the hand. The two 

lw>nes of the forearm being firmly 
united, pronation and supination, as 
in man, are impossible. The normal 
position, as already remarked (eee radio- 
ulnar), is that of semi -pronation (com- 
pare Figs. 2 and 74). If the animal 
be in its natural posture, with the arm 
bent at the ellxiw (Fig. i), it ean touch 
the ground with the ulnar bonier only ; 
but when the whole surface of the baud 
rests upon the groimd, the action is 
brought about as follows : the plane of 
the oarjjua is in extension parallel with 
that of the forearm ; in flexion, almost 
at right-angles with that plane (Pig. 
74). The oit hmittum glides on the pro- 
longation of the artieular surface on the 
inner palmar surface of the radins, 
while the o» pyramida/f is held firmly 
by the ligament just described. The 
band follows the movement of the o» 
hinatiim, and at the same time the three 
iiifRnnii outer oMa me(acaf/A gliding with it in- 
"""""•" wards, the fingers of the band turn 
inwards. 

b. The Bones of the metacarpus, mm 

tiiefaearpi (Fig, 40 tii). Of these there 

are five : the second to the fifth are of 

iiiMinm. '•'■^^^^ equal length; the first, forming 

inpeaddBi the rudiment of the thumb, hidden 

i^y beneath the skin, is much sliorter. 

■mh^lh"™ '^'■'^ mefacarpal hone of the thumb is 

regarded by Dugea and others as the 

My reason for describing it as a metacarpal has 
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already been given. This bone also presents differences in the two 
sexes. MeekeFs^ observation that it exists only in the male is 
incorrect; it is a large^ broad and sickle-shaped mass of calcified 
cartilage or even true bone, while in the female it is simply a small 
cartilaginous rod ; as this almost entirely disappears in dried speci- 
mens^ Meckel's statement is explained. The second finger has in 
the frog assumed the functions of the thumbs and, in the males, in 
the breeding season swells and undergoes an essential alteration of 
structure. The metacarpal of this finger also displays differences 
in the sexes, being in the male stronger, broader, and on the inner 
side provided with a spine-like prolongation, for the tendon of the 
adductor digiti II (pollicis) longus, which attains an imusual de- 
velopment during the breeding season. The remaining metacarpal 
bones, the third, fourth, and fifth, are of similar form, the la$t 
being provided with a tubercle. The anterior articular extremities 
are rather broad and concave, and the posterior have rounded 
heads. 

o. The -phalBJigiQBy phalanges digitorum. The hand has four fingers 
and the rudiment of a fifth, which latter is completely hidden under 
the skin, and as already explained, consists of a metacarpal only. 
Of the four fingers, the fourth is the longest, the third the shortest, 
the second and fifth of intermediate and about equal length ; the 
fourth and fifth fingers have each three phalanges, the second and 
third have each two. Their shape is not unlike that of the human 
phalanges. 



V. THE BONES OF THE HINDER EXTREMITY. 

A. Bones op the Pelvic Girdle (Fig. 41). 

The i>elvi8 has a characteristic V- shape, the pubic and ischiatic 
bones of the two sides together forming a vertical plate («/>), 
which divides anteriorly into the two iliac bones [il). The pubic 
and ischiatic bones being united by their median surfaces, one can 
only speak of the pelvic cavity as the space between the two 
ilia. 

1. The ilia, ossa ilii (Fig. 42 il). In these a broader part or 

^ I. C.y II, 464. 
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body can be Jistinguished, wliioh takes part iu the formation of tlie 
aceiaiainm (a). The hinder and broadest part of the bone is joined 
to the corresponding portion o£ its fellow by ligament ; anteriorly the 
two diverge, bounding a cone-sliaped eavity, the jwlvin. The siiture, 
by which the body of the iliac bone is united with tlie iechiatic 
and pubic bones, runs from above downiwards through the middle of 
the acflaliwlum (Fig. 43. 
from p through the aee- 
(aliitliiiii to k). Inferiorly 
an<i in fniiit the unit«d 
ilia form a prominence 
{»), which represents the 
iifmp/iffKit oKs. pub. of 
man. The expanded por- 
tions of the ilium rest 
directly over the articu- 
lar cavity by means of 
a somewhat constricted ■ 
part or root. The ala is 
a sabre-like bone, with 
" .y"**,''^'"™'' the sharper, more convex 
p Pubic hnnt, bordcr directed upwards ; 

the more concave, thicker 
border downwai-ds. The two surfaces, 
of which the inner is grooved, are 
directed respectively inwards and outwards. 
' The broader part of the blade springs 
iirectly fn>ni the neck or i-oot (at )/), and 
ar this end of the shaqi convex border 
is a pi^ocess, proreis. giip., from which 
the tendon of the m, vastus e.f/tYniis arises. 
The anterior end of the blade is a hol- 
" ni"'"'"^ low cylinder, containine cartilage, mov- 

(I bciiiuin. ably articulated to the transverse process 

r^^bt!!*"'~ "f tl'*' '"st vertebra or sacnim. 

' Jo'ariu'p"™" "f •Ji" I'""'"' 2. The iaoMa, </s4a itcMi (w), are irre- 

gular, four-cornered plates of bone, united 
together by the whole extent of their inner surfaces. The vertical 
plate formed by the union of the two bones takes only a very 
small share in the formation of the articidar cavity. Above, it has 
a somewhat sharp border, continued with the iliimi into a process 
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(i/) corresponding with the united iubera itchii ; 
the hinder border, which is united below with the 
pubic cartilage, is curved. 

3. The pubes, m pubi* (Figs. 41, 42, 43 i'). 
Ossified pubic bones do not exist; even in old 
animals they are composed of calcified cartilage. 
Each is a triangular cartilage, wedged between 
the ilium and ischium, but also taking part 
in the formation of the acetabulam. The pubes 
of opposite sides are, as shown in section in 
Fig. 43, united by ligaments in the median 
plane. 

B, B0SE8 OF THE HiND-LlllB. 

1. The Uiigh. 

The femur, os femori» (Fig. 44). 
with a slight double or S-shaped cui 
anterior portion the convexity is directed upwards, 
in the two hinder thirds downwards. Towards 
the hinder extremity it is flattened from above 
downwards. The anterior extremity is a- ronnded 
articular head placed directly on the shaft like 
that of the iif/mer?/*. This head is somewhat flat- 
tened from side to side ; and in structure resembles 
that of the biimerus. The inferior extremity is 
rounded below, but flattened above (towards the 
hollow of the knee) and behind. 

Hip-joint. The articular cavity is deepened by 
a fibrous ring, lahrum carlilaginnum, which fits 
closely upon the caput femong ; from this Jabruta. the 
joint-capsule arises, to he inserted behind the head ; 
close to the lower border of the cavity a Uga~ 
men(um ferfu arises, which is inserted into the rapri/ 
femnrtJi. 

2. The leg. 

Tibio - flbnla, os crvnt (Fig. 45). This 
consists of a single bone, the on cnirix ; it is 
often called the libia, but presents, however, dis- 
tinct indications of being formed of two bones, 
the tilna and jibula. The shaft is not quite 
straight; it is thinner in the middle and flattened 




The shaft is cylindrical, 

;. In the Fig. 44. 
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F'i?. 45. 




Tibio-fibulA of Rana riteu- 
truta, twice nat. Mze, men 
from below. 

a a Grooves. 

/ Foramen nutritium. 

/ Anterior articular ex- 
tremity. 

f Posterior articular ex- 
tremity. 

t" Groove on malleoIuD in- 
temus for tendon of 
th. tiUialis ptMtu'us. 



from above downwards. On the upper as also 
on the lower surface of the bone is a groove, 
passing from the middle towards each ex- 
tremity ; this deepens as it proceeds, and is an 
indication of the compound nature of the bone. 
In the middle of each surface of the bone 
is the opening of a canal, through which a 
bristle may be passed : the canal has bony 
walls. The medullary cavity is, for the most 
part, double, being single only in the middle. 
The anterior extremity is articular, and presents 
a median groove, which is prolonged on to the 
under surface. The posterior extremity forms 
a transverse condyle, which has at its inner 
part a notch for the tendon of the m, tibialis 
posticus. 

The knee-joint consists of a capsule strength- 
ened by the insertions of numerous tendons. 

Within this the articular surfaces 
of the femur and tibio-fibula are 
connected by means of fibro-elas- 
tic bands, which spring from the 
latter bone and cross each other, 
thus representing the lig, cruciata. 
The articular surfaces are more- 
over deepened by loose semilunar 
cartilages, corresj)onding with 
the inter-articular cartilages of 
the knee-joint of man. In addi- 
tion, on either side of the joint, 
are found auxiliary ligaments. 



Fi}?. 46. 




Section of the tibio- 
tibiUa through the 
under extremity. 

a Cartilaginous 
epipbysii). 

m Marrow cavitiet*. 

t" Connecting 
maM. 

ft' The two cylin- 
ders of bone. 



3. The foot (Fig. 47). 

a. The ankle, ossa tarsi. The tarsus consists of two rows of 
bones. 

a. The proximal row consists of two long tubular bones (Pig. 
47 ac)y which are parallel to each other, and undoubtedly cor- 
respond with the astragalus {talus) and calcaneum. The bones 
are separated in the middle, but approach each other at either end. 
The outer of these bones [c) I have named calcaneum, following 
Cuvier and Duges ; the inner, astragalus (a). The two bones are 



THE HIND-LCWB. 

eurroiinded and enclosed at 
their BJiterior and posterior 
extremities in a common epi- 
physis of calcified cartilage, 
which has the usual struc- 
ture found elsewhere. The 
ligamentum calcaaei, which 
will he described below (see 
Muscles of Foot, Fig. 88 le), 
may be regarded as an un- 
attached process of the heel ' . 
^. The dUtal row of the 
tarsals are all composed 
of calcified cartilage. They 
are : — 

1. 0» cubouienm (Fig, 47 
ei), a flat plate of cartilage, 
concave in front, convex 
behind, pla<?ed between the ^ 
common epiphysis of the 
astragalus and calcaneum 
[ac) and the otta metatarti II 
and ///. This corresponds, 
as Dng^ suggests, with the 
separated m cuioitleum and 
cuuei/'orme III of other ba- 
trachians, e.g. Bufo, 

2. On the inner side of 
the above, betweeu the a*- 
Iragalua and meiatarrus I lies 
a small body, concave in 
front, convex behind, which 
we may regard, with Dug^, 
as the analogue of the ot 
narieulare (Pig. 47 «). 

3. This' latter supports a 
cartilage which forms a pro- 
jection on the inner border, 
covered with skin. This 
consists of closely -united ^ cai»mL_. 
pieces, a small round, basal ■* O""-'-'*^' 




Rlgbtrootofiiaii 



' Haekcl, I.e., II, p. 48S, T«g>rd> tlie cutilkge in tbe ftndo AehillU u luch. 
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piece (A), and a flattened beak-like piece (A'). Dug^s considers 
these pieces as the first and second ossa cuneiformia ; I rather incline 
to Meckel's opinion that they represent a rudimentary hallux^ the 
first being the os metatarsi, the second a phalanx. Both are com- 
posed of calcified cartilage ; in R. temporaria the lime-deposit seems 
to be less than in R, oxyrhinuB and R, esculentay and the projection 
consequently softer *. 

b. The metatarsal bones^ ossa metatarsi (Fig. 47, m I-V)- The 
five ossa metatarsi are long, thin tubular bones, the anterior articular 
extremities of which are broader above and narrow below, hence are 
wedge-shaped, and anteriorly present flat surfaces for articulation 
with the tarsus. The shafts are long and thin; the posterior 
extremities have rounded heads. The comparative length of these 
is as follows : the fourth is the longest, then come the third, fifth, 
second, and first in order. In structure they resemble other tubular 
bones. 

o. The phalanges, phalanges digitorum (Fig. 47). The total lengths 
of the separate toes correspond with that of the ossa metatarsi, but 
the distinctive differences are increased, partly by the difference in 
number and partly by the varying lengths of the phalanges. The 
first and second toes have each only two phalanges, the third and 
fifth have each three, the fourth, which is the longest, has four. 
The terminal phalanges are somewhat hooked towards the plantar 
surface. 

' In the text these two cartilages are termed the ' sapplemental toe.* 
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I. MUSCLES OF THE HEAD. 



Fig. 48. 



I. Muscles of the Eye. 

1. M, rectus inferior (Fig. 48 r^). 

Dugds, po8t-orblto-8ou8-oculaire, n. 1 2. — Zenker, depressor oculi. 

This muscle arises by a very thin, almost thread-like tendon 
from the parasphenoid, near ^^ foramen oplicmn, and becomes rapidlv 
broader; it lies beneath the tendon of 
the inembrana nictUans and a part of the 
m. retractor bulbi : then runs forwards 
and outwards to be attached into the 
lower part of the circumference of the 
eyeball. 

2. M. rectuit extermis (Fig. 48 re), 

Dugds, po8t-orbito-ex-oculaire, n. 14. 

Arises by a thin, thread-like tendon 
from the parasphenoid near the fora- 
men opticufn, internal to and a little be- 
hind the m, rectvs inferior : it then passes 
obliquely outwards over the m, retractor 
bvlbi and the tendon of the membrana 
nictitanSy to be inserted into the outer 
and hinder part of the circumference 
of the eyeball. 

3. M, rectus iiitemvs (Fig. 48 ri). 

Dugds, poet^rbito-in-oculaire, n. 13. 

A long, thin muscle, which arises by 
a thread-like tendon from the parasphenoid at the inner and 




Eye rausdcM of Hana rscuUntOf frum 
below. 

On the right side (i.e. in the left eye) 
the lev. bulbi {I) is taken away ; on 
the left side it ia still present. 

/ M. levator bulbi. 

l.a M. lev. anguli scapulae 

oi M. obliquus inferior. 

oi M. obliquus superior. 

p M. pter^'goideus. 

r M. retractor bulbi. 

re M. rectus externus. 

1 First cervical vertebra. 
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i 

lens 
jut- 
jper 



hinder aag-k- of the orbit, passes along its inner wall, and is tn- 
Eerted into the ant«ro-intemal part of the circumference of the 

4, M. rectitt Kiiperior (Fig. 49 m.). 
Dugda ,• puBt-orbito-aiiuti-oculaire. 
Arises by a alendev tendon from the fronto-parietal bone, widens 
rapidly, and runs forwards and out- 
wards to be inserted into the upper 
part of the circumference of the i«^ 

5. M. ohliqaua inferior (Fig. 48 n 

Dngda, iir^-aons-urbit 

This muscle arises near the floor of 
the orbital cavity, at the inner and an- 
terior angle, from the palatine bone by 
a thin aud long tendon, runs under 
Harder's gland outwards and back- 
wards, and is inserteil, almost at a right 
angle with the axis of the eye, into 
the anterior part of the cireumferenoe 
of the eyeball. ^h 

fl. M. ofj/iquHS guperiur (Fig. 48 ui). ^^| 

DugAa, pr^-iUE-orbitu-ocuUire, n. -j. ^^| 

The tendon of this small muscle arises from the inner end of the 
palatine bone, near the origin of the /". odliquug 
inferior, nms upwards, baekwards, and out- • 
wai-ds, and passes into a flat muscle, whicl. 
rapidly becomes broader, and is inserted into 
the uppiT surface of the eyeball. 

7. M. re/raL-(or bulbi (Figs. 48 r, 50 r, r), H 

Due^s, orbitD-pcmt-oculMre or cLouude, n. idpoH 

Zenker, M. opticuf. ■ 

This muscle surrounds the optic nerve, and 
is sitiiated within the cone formed by the four 
recti muscles ; it consists of three portions, 
which take their broad and fleshy (the recti 
and oliUqui arise by thin tendons) "rigins from 
the under surface of the parasphenoid. The 
first portion (Fig. 50 r) arises from the under 
surface of the parasphenoid, nearly as far as the 




n' Twulon o( wsnibnui nic- 
r ». nmL'Ujr bulbi. luvm 
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middle line, is broad and fleeliy, and covers, from below, the tendon 
ot the rectus extemua, then runs forwards and outwards. The 
second portion (r'), which lies over this and the tendon of the m. 
rectus exUmits, has also a broad and fleshy origin, but runs more 
directly forwards, slightly crossing the preceding. The third 
portion arises above the two others by a strong thin tendon from 
the parasphenoid : it runs almost in the direction of the m. reciu* 
ittiemus, but more directly forwards. The first two portions 
pass more to the upper surface of the eyeball, the third more 
to the under surface; consequently the whole muscle forms a 
sheath surrounding the eyeball. The fibres to the upper surface 
of the eyeball are inserted somewhat in front of the equator of 
the eyeball, those to the under sur^e somewhat behind it. 



Fig- 5 



8. 31. levalar bulbi, Dugfes (Figs. 48 /, 51 /, 52/). 

DoB^B, fruottKptetrgiH'lien, n. 9. — Klein, tiuUtUator balbi. 
There is no bony floor to the orbital cavity, and the oral and orbital 
cavities are only separated by soft tissues; these are : — the mucous 
membrane of the mouth, 

a thin fascia, and above ^' ^'' 

this the muscle under 
consideration. The fibres 
of this muscle run from 
before and from the inner 
side obliquely backwards 
'And outwards, below all 
the remaining muscles of 
the eye, with the excep- 
tion of tlie origin of the 
m, reiraetoT bulbi, and 
the tendons of the m. 
obliquua inferior, and the 
m, pterygoident ; they 
arise on the inner side 
from the upper and outer 
border of the fronto- 
parietal bone (Fig. 51), 
also from the transverse portion of the parasphenoid and ptery- 
goid bones, anteriorly from the sphenethmoid and palatine bones; 
they run first downwiards, then, in the direction indicated; undcr- 




» Upper j»w. 

Q H«mbruia Diotitanii. 

kuror eyelid. 
) Upper ej^lid. 
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iieath the eye ; and are inserted externally by means of tendinous 
fibres into the superior border of the upper jaw. 

0. Prom the foregoing muscle certain fibres pass to the lower 
eyelid, which may be regarded as a depressor palpebrae inibrioriB 
(Pig. 52 d.p). 

Manz* has described a raueele as depressor palpebrae inferiorit 
which arises in the neighbourhood of the external angle of the 
eye, somewhat behind and below the lower border of the orbit, thence 
passes obliquely upwards to be inserted into the lower eyelid. This 
description is right as regards the insertion, but needs correction 
as regards the origin. The muscle is attached to the orbital border 
in so far that the tendinous expansion, into which the levator bnlbi 
passes at its external border, is attached into the upper jawj this 
bundle splits off from the upper sur^e of the levator bulbi at its 
middle, and nins outwards on the under surface of the eyeball to the 
hinder part of the lower eyelid. 

10. Tendon of the meiabraiia niclilam'^ (Pig- 53 '*')■ The 
pigmented free border of the nictitating membrane passes, at the 
inner and outer angles of the eye, into a ten- 
don which passes for some distance through 
fibrous tissue, then descends to the under 
surface of the eyeball and joins that of the 
opposite side, so that the free border of the 
eyelid, together with this tendon, form a com- 
plete ring. The tendinous part of the ring, 
which is thin and thread-like, is found 
on the under surface of the eyeball, and lies 
under the m. retractor bulbi, and is bound to 
E niuKio. ^ Raxa am- *^'^ musclc by conncctive tissue. Manz is 
i™(a, tnoB below, tiui ni. right in saying that the two muscles described 

recti ud oWlqiil bsvo ,t,,,, ,, ■-- 

h«n remoied. by Puges as levaiores palpebrae infenorea (or- 

■' Tendon of tnerabrumnic- bifo-palpebral antcrieuF and posterieur, n. 5 
r H. ntrutur bulbi. tewer and 6) do not exist ; as is also the suggestion 
r- semnd iu>rt of Mmo. ^^^ ^^ ^"^^ coufounded the tendon of the 
nictitating membrane with these ; this is 
clearly shown in the figure in Plate VI of Dug&s. With regard 
to the actions of these eye-muscles, it is plain that the four straight 

■ M>DZ, Berichte der naturf. Gesellwliaft zu Freiburg, 2 Band, 4 Heft, 1S61, 
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and two oblique muscles rotate the eyeball about three axes, one 
the axis of the eye, one vertical, and the third passing from behind 
forwards and inwards. The m. retractor pulls the eyeball into 
the orbital cavity backwards and downwards, while the levator 
raises it. 

There is less agreement about the movements of the eyelids, or 
rather of the lower eyelid, for the upper has no independent 
movements. Dugfes (l,c^ says that the two muscles, which he con- 
siders to be levatores palpebrae inferiores^ and which, according to 
him, are connected with the 7n, retractor bulii, draw up the lid as it 
is being drawn backwards and downwards by the latter muscle. 
The depression of the lid on the relaxation of the retractor and 
projection of the eyeball is due simply to elasticity. Manz ^, on the 
contrary, has shown that the sinking of the eyeball by the con- 
traction of the retractor must necessarily cause a rising of the 
nictitating membrane, as its tendons are attached to that muscle 
and so must follow its movements. 

The depression of the lower lid occurs simultaneously with the 
raising of the eyeball by means of the m. levator dul6i, through the 
contraction of the m, depressor palpehrae inferioris, which proceeds 
from that muscle ; this is easily understood, as they are but parts 
of the same muscle. 

II. Muscles of the Face. 
11. M. intermaxillaris s. dilatator iiarium (Fig. 54 im), 

Dugds, intermaxillaire, n. i. — Zenker, intermaxillaris medius. 

This small muscle lies in the space 
'between the vertical processes of the 
two premaxillary bones, and consists of 
obliquely-crossing fibres arising from 
the one bone and inserted into the oppo- 
site one. It brings together the pro- 
cesses of the intermaxillary bones, so 
that their upper extremities approach 
each other. At the same time, the Faoui mu«,ie» of ita«l".««fc«/a. 

cartilaginous nasal coverings or wings an Cartilajdnous nnsal alae. 

(v J* J xi_ ~ —J »* Vertical prooees of premaxillary 

an) diverge and the nares expand ; ^^^ * *^ 

hence we may regard this muscle as '»» m. intermaxiUaris. 

^.. i'i , 1 ' /nM. laterallfl narium. 

correspondmg to a dilatator narium. „ cartilaginous noM cap.aie. 

* I. c, p. 4. 
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12. M. laleralia Jiarium (Ecker), (Fig. 54 lit)- 

Zenkar, m. tntermaxiilarin iMeralit. — Klein, m. natatU inferior. — 
Dugia, suB-DiBiillo-pr^-iuu&l, d. l. 

This small muscle occupies the space between the anterior portion 
of the maxillary bone and the ascending proceee of the premaxillaiy 
bone. It arises from the maxillary, and ascends obliquely forwards 
to be inserted into the outer border of the ascending process of the 
premaxillary bone. It is antagonistic to the forgoing. 

A third muscle is described by Duges as gug-mttxiUo-posi-rtatal, 
n. 3 (nasalis externut, Klein) ; according to him it passes from the 
proc. nagalis o£ the maxillary bone to the outer border of the nasal 
opening, which it widens. According to Klein {I.e., p. 9), this 
muscle in It. lemporaria runs to the upper border of the maxillary bone 
beneath the lower eyelid, and is long and narrow. I have, however, 
never been able to find muscular 6bre in this situation. 



III. Muscles of the Lower Jaw. 




13. M. depressor maxU- 
lae inferiorh. Cams, Zenker 
(Figs. ^S, 56, 63 d.m,). 

Ouvier, I.e., II, 141, diga*- 
Iricui, — Dus4B,8ui.ocdplto- 
dorao'sngnlaire, 3a. 

This is a strong, trian- 
gular muscle, wide above, 
pointed below. It is placed 
between the head and the 
Hhoulder-blade. It arises in 
two portions; the greater, 
from the /aicia dortafu 
{fd ), covers the scapula, and 
passes inwards and back- 
wards over the muscles of 
thoback ; anteriorly it passes 
over the m. iemporalis and 
is attached to the fronto- 
>ugii parietal and squamosal, 
being continued to the 
fascia of the upper eyelid. 
The second part is smaller, 
and arises by fleshy fibres 
from the postero-supenor 
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arm of the aquamosal, and from the post«rior and inferior border 
of the cartilaginous tympanic ring. The two parts unite and are 
inserted into the hinder angle of the lower jaw. Cuvier correctly 
considers that only the anterior portion corresponds to the digaitri- 
CM», the posterior answering to the m. cervico-maxUlariii of snakes. 
It draws the lower jaw down and opens the moiith. 

14. M, temporatig (Figs. 49, 52, 56, 57 t). 

OaTier, bl lempornli; I, i.e., p. 138. — Dugis, BOiu-nipfo-liemporo-coroiioidieD. 

This muscle, together with the m. pf-erygoideus, occupies the space 
between the prootic and the eyeball ; it arises by the greater 
part of its fibres from the 

upper surface of the pro- ^'E- az- 

otic ; it passes, narrowing, 
beneath the anterior arm of 
the squamosal, then over 
the pterygoid bone, between 
this and the masillary and 
quadrato-jugal, receiving on 
the way other fibres which 
arise from the anterior border 
of the inferior arm of the 
squamosal and from the 
anterior circumference of the 
tympanic ring. The collected 
fibres end in a broad, flat 
tendon, which is inserted into 
the inner surface of the so- 
called pToc. coronoi'leni. 

15. M. pletygoideut (Figs. 49/), 52, 57 pf). 

OtiTier, m. temporalu, II. I.e. — Zenker, m. mamittrica; I.e., p. 35. — 
DubAb, pr^-nipda-pterygo-m&iilUire, 31. 
This is partly covered by the foregoing, and lies between it and 
the eyeball. It arises at the inner wall of the orbit from the 
frontoparietal, and from that portion of the prootic which may be 
regarded as the ala magna, above the m. refractor bulU. The muscle 
is broad, and compressed from before backwards : it nms down- 
wards covered by the m. lemporaHs, and soon passes into a long, 
thin t«ndon (Fig. 57 /;/), which is inserted, behind the m. (emporalix 
and immediately in front of the joint, into the inner surface of the 
lower jaw. 




Fig. S7- 
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16. M. masteter (Pigs. 56, 57 vi). 
Dugda, iirgoinato-mBiillKire, d. ag. 
ArieeB as a somewhat broad muscle from the horizontal process of 
the quadrato-jugal and is inserted 
into the outer side of the lower 
jaw, opposite the insertion of the 
w. temporalis. 

17. M.SH6tHaxl//arig(FigB. 58, 
39, 61 sm, gm'). 

Cuvler, fR. mylo-hyoidetii. I.e., II, 
536. — Zanker, myln-ilemoideMt, 
p- 35. — DugdB, SDUB-tn&xillaire, n. 
15. 

This muscle forms the floor of 
the mouth as does the viylo- 
hyoidettt in man ; it is, however, 
not inserted into the hyoid hone. 

It arises — 1 . From the whole of 
the inner surface of the upper 
bolder of the lower jaw', except 
near the angle (Fig. j8 mi) ■ 

2. By a small portion (Figs, 58, 
,59, 61 tm') near the skull, from 
I of the hyoid-bone which projects 
from the cartilag-inous part of the prootic hone. This portion 
descends along the comu to unite with the other portion. The 
two together form a membranous layer, the fibres of which run 
transversely and meet in a band of connective tissue along the 
middle line, forming a kind of Unea alba. The sheath runs for- 
wards to the most projecting part of the lower jaw superficially to 
the tu. mbmenlalU. Slightly in front of its posterior border the 
muscle is attached in its whole breadth to the skin of the throat 
by a fine lamella of connective tissue, which is not always complete. 
The posterior border of the muscle is attached to a fascia, which* 
passes between the deeper muscles and is attached to these. It is 
known that this muscle plays an important part in the movementg 
of respiration and swallowing; but its precise action has not yet 
been worked But. 

' A second origin from tbe lower border of the mandible, described by Klein, b 
not to be found. The appearance ia due to the exit of TeeseU and nervea from the 
groove between the maniUble and tbe miucle. 



the cartilaginoii 
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18. M, SMbmenialii {Fig. 59 iml). 

OuTier, Iraatrerttit, I. e., p. 58S. — Dugia, 4, soin-mentonDier. — Zenker, 

m. liHgualii '.iDcorractlj brought into oonnection with m. hgoglomi). 

This small musole lies in the anterior angle of the lower jaw 

between the dentary bones. It consists of transverse fibres which 

Fig .S«. 




Uuicln ot ths ttim*t, chnt, uid abdonwa ot Rana 
1' HlDdor }ii}rtluri uf ume vining from Uio u]l#rior ooniu o] 



pass from one bone to the other. Below it is covered by the most 
anterior portion of the la. tubmaxillarU. 

It« action is to approximate the sides of the lower jaw ; according 
to Dug^ {I. c, p. 123), it assists in closing the nostrils, by drawing 
together the sides of the lower jaw and thus raising the premaxillae. 
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IV. Muscles of the Hyoid Bone and the Tongue. 



19. M. genioht/oideui (Figs. 59 gh, 60 gi). 

Cuvier, I V, 1 , 536.— Dugia, n. 16. — Zenker, p. 30.— 



AriBes from the lower jaw in two portions, the one from near 
the middle line above the m. siibmentalii, the other more externally 
from the upper border of the 
lower jaw. The two parte unite 
to form a long, flat muscle, 
which lies on the ventral sur- 
face of the body of the hyoid 
bone, and divides posteriorly 
into two portions. One of these, 
the median (Fiffs. .59, 6ogk"), 
is inserted into the inner border 
of the posterior bom of the 
hyoid bone, and is here attached 
to a fascia which covers the m. 
hyoglogtua from beneath. By 
the same fascia the muscles of 
opposite sides are connected 
in the space between the two 
posterior comua. The lateral 
division (Figs. 59, 60 gk") is 
attached to the posterior carti- 
laginous process of the hyoid 
bone. 
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20. M.g/emoiyoideui^figs. 
.59, 60 ni). 

CuTl«r. IV, I, 538 {pihio-kgoi- 
dtui), — DogdB, n. 17, iterDo- 
xipho-byoidieu. — ^Zacker, p. 30. 

This muscle forms the cer- 
vical part of the m. rec/ut 
abdominii and is, in fact, a direct continuation of it. It arises by 
an inner portion (Pig. 59 fh") from the upper surface of the inner 
extremity of the coracoid and from the xiphlstemum, while the 



$m' Origin of hilkdar J> 



Fi|{. Co. 
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outer portion {»A') is an immediate continuation of tlic » 
aMomlnis, which passes into thin 
muscle at about the fifth lutcrif 
fio UnrHnea. The muscle passes 
forwards on the upper surface of 
the eoracoid and of the clavicle, 
under the pericardium toward b 
the hyoid bone ; here the muscle, 
hitherto horizontal, suddenly be- 
comes (compare Fig. 60) ver- 
tical, and passes between the 
two insertions of the m. genio- 
ijfoideiis, and is inserted for a 
considerable length into the lower 
surface of the hyoid bone and the 
anterior extremityof the posterior 
comn. 

21. M.omo/igoiilpii»{¥'tgs.-jf), 

f,Qoi\ « Bodjr of h joici, 

' H' AnI*rior mmii. 

Cnvler,/.c.,p. 5,19.— Dugas.ll. 18, //" Purtirior nmin. 

. ,.. "^ „ 1. Aff- HLniltt origin of Mma 

hyoidien. — Zenker, p. 31.— ^ k. omohjoidBiut 

H. St, Ansa, f- f- jMt.i, a. 3, 4, Bnt, Hcunil, tliltd. uiil funrtti 

Arises from the anterior border in n. .u,rni-tty:Utn>. 
of the bony scapula, and is in- 
serted into the outer part of the ventral surface of the body of the 
hyoid : it is partially covered by the w. i/emo/'^olifftii. 




22. M. petrohjioideKt anterior (Ecker), (Pig. 61 pi\). 



A thin, flat muscle, narrow above, but broadening rapidly 
below, whieh arising from the outer extremity of the prootic 
bone, partially surrounds the pharynx below, into which some of 
its fibres are inserted ; it is atta<'hed to the ventral surface 
of the body of the hyoid bone, near the lateral notch. The 
chief action of this muscle appears to be that of a m. eont/ricfor 
piaryngi*. 
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!, mMM-hjnn- 



Fig. 6i. 




23, 24, 25. Mm. petrohi/oiihi poi/enore* (Ecker), (Figfi. 6l 

Cavi«T. inin. Unloiyoidei , I.e., p. 53^.— DujSb, ai 

deas [Fig. 4). — Zenker, petro-kiioidetit tuperior »nd inferior. — 
KlalD, tlj/lo-lii/oideiu, I. e., p. Jg. 

These are three long, thin muscles, which lie nearly parallel to 
one another, and run from the prootic bone to the posterior comu 
of the hyoid bone. All three arise, 
covered by the tn. s/ertwctei(loma»foi- 
(leu», from the lateral extremity of 
the prootic, pass ronnd the pharj-ni 
and are attached, the m, jieiTokyo'tdevit 
posterior primm (Fig. 6\ phi) to the 
anterior extremity, the aeciindat (Pig. 
6 1 ph 3} to the middle ; and the (ertivn 
(Fig. 61 ph 4) to the hinder extremity 
of the posterior horn of the hyoid 
bone. 

26. M. hynijloMv-t (Figs. 59, 60, 
6i hg). 
Onvier, /. c. p. 58S. — DugSa, 14, hyo-gloxe. 
Arises from the bony posterior ex- 
tremity of the hinder process of the 
hyoid bone {hg'). The muscles of the- 
twa sides pass forwards and converge 
to the middle line, where they unite. 
The azygos muscle thus formed runs 
forwards on the ventral surface of the 
m. gettlohyoitit), over the anterior border 
of the hyoid, and passes into the tongue, where it turns l)aokwards 
and nins to the tip. (For action, see tongiie.) 

27. M. genioghstim. 

Cuvier, /. e., p. 587.— Meckel, /. r,, IV, 3,49.— SuK^a, 33, genio-glosse. 
Arises above the insertion of the w. gemohyoiilms on either side 
near the middle line from the two anterior bones of the lower jaw. 
The two origins quickly unite tfl form a thick, very firm muscular 
belly, which in its course backwards rapidly thins, and is distributed 
by numerous bundles ; decussating with the fibres of the m. hyoghmu* 
at an acute angle, it nins on to the anterior extremity of the tongue. 



IB hyoid hi 
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II. MUSCLES OF THE TRUNK. 

I. Muscles of the Abdomen. 

In the formation of the ahdominal wall the following muscles 
take part : — (i) m. reciu9 abdominis^ {%) m. obllqutis externus^ (3) w. 
Miquus internum, (4) the portia abdominalis of the m, iiecioralis. 
Above, the m, obliquus internns forms a kind of diaphragm^ partially 
separating the abdominal from the thoracic cavity (p. 70). 

28. M. rectus abdominis (Fig. 62 r). 
Dugds, pabio-thoracique, n. 5 2. 

These muscles, situated on either side of the middle line of the 
abdomen, are as a rule traversed by five notched inscripfiones ten^ 
dineae. Each muscle arises, by a narrow, strong tendon, from the 
inferior border of the pubes, passes forwards, and quickly widening, 
divides at the second inscriptio iendinea (counting from behind) into 
two portions. 

{a) The Outer portion (Fig. 61 r) runs into the portlo abdominalis of 
the m, pectoralisy and forms the greater lateral division of that muscle. 

{V) The Inner (/) continues as the m, rectus abdominis and gradu- 
ally narrows anteriorly. At the sternum some of the fibres (the 
median) are inserted into the dorsal surface of the cartilaginous 
plate of the xiphistemum, while the greater jmrt of the muscle con- 
tinues forwards over the coracoid to become the m, stemohyoideus 
at about the fifth inscriptio tendinea (p. 64). 

29. M, obliquus extemus (Fig. 6j^ oe^ o^\ 

Zenker, l.c.^ p. 31, m. ohliqnua. — Dugds, dorao-sous-abdominal, n. 54. 

The tn. obliquus externns arises from — 

(a) The aponeurosis covering the long muscles of the back, and 
by this from the spinous processes. The anterior edge of the 
m, obliquus extfirnns covers the posterior edge of the m, latissimus 
dorsif which arises from the inferior, ventral surface of the aponeu- 
rosis. The aponeurosis also divides laterally into two parts, one of 
which, the posterior, passes into the obliquus extemus^ while the 
anterior forms the tendon of origin of the depressor maxillae iuf, 
{dm) (compare Fig. 66), 

(b) A second, narrow portion, portio omo-abdominalis (Fig. 63 oe') 

F 2 
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(m. xipho-adacapulaire, Dugfis, r. 62), arises from tbe posterior 

border of the scapula by a thin t«ndon, and becomee broader as it 

fig. 63. 




Truur portkm of ume. 

H. BtanwhyoklAiu. 
I U. lubrnfuUlaiiiL 
1' Hfold origin of onis. 

U. itvnwndiiUm, 



nins downwards and backwards, t« join the anterior border of the 
other and larger portion. 
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The whole muscle is attached by its most anterior fibres to the 
cartilage of the xiphistemum, the rest paBsing into an aponeurosiia 




at oj-iglli of Hmo- 
■atncApularlK. 
1. tilo^H brachlL 



which, inseparably connected with the mucripUottei fendineae, traverses . 
the lower surface of the ta. rectus abdoyittnalis to the liuea alba. 



80. M. olllquvg intemttt (and f-ramtersus), (Figs. 64, 65 oi). 



This muscle corresponds with the combined obliqitnt interuut and 
Iratuvertut, and has therefore been described either as the one or the 
other, by various authors. 

The fibres arise t«ndinously — 

a. From the transverse processes of the vertebrae from the 
fourth backwards, and from the &scia covering the mm, iuferiratm- 
rertarii. 

b. From the iliac bone, by a strong tendon from its upper border, 
and by a few weaker fibres from its outer surface. The latter fibres 
are covered by the former, and these end posteriorly in a shaq> 
cooeaTe border. 

The muscular bundles diveigc from these points, some running 
forwBids, some backwards; the former are only partially covered 
by the port'io omo-aMommaiis of the m. Miqum exlernut (compare 
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Figs. 62, 63), in front of the anterior edge of that muscle. The 
poBteiior border of the muscle is uncovered. 

Fig- 64 




tC Seoond po 
p£ pBrlcKrdil 



irtsd Into tha pharynx. 



The insertions of the muscle are ver^ various, and as a conse- 
quence very various functions are a<^complished by it. 

a- The most anterior part of the muscle (Pig. 65 oi'"), the fibr^ 
of which run forwards, is attached — 

I. Partly to the xiphistcmum and the toracoid. 

3, A second portion, viz. that arising from the transverse pro- 
cesses of the fourth vertebra (Fig. 64 oi"), surrounds the pharynx 
like a diaphragm (Fig. 65 oe), and is attached to its side as far as 
the dorsal aspect (Fig. 6501'). This portion is lightly separated 
from the following. 

3. A third portion, placed behind the preceding, runs from the 
pharynx over the pericardium (Pig. 64 pc), and is attached to this 
nearly as far as the middle line (Pigs- 64 oi' and 65 oi"), resting 
on the sternum, the m. rectus and m. gterno-ki/oiileu». The lines of 
insertion of the muscles of opposite sides form an angle, open in 
front. In the thin borders of this portion the muscular bundles lie 
almost entirely in simple layers, and they arc therefore well adapted 
for microscopical purposes. 

b. The middle and posterior portions of the muscle pass down- 
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wards and slightly backwards, towards the outer border of the 
m. nxlii»; there they pass into a tendon which, for the most jiart, 
runs on the upper surface of the rectui to the liuea alba. 



II. Muscles ok the Back. 

The muscles of the back are covered by a fascia, the foscia dor- 
BaliB (Fig. 66/il), attached to the spinous processes of the vertebrae. 
Anteriorly, where it covers the m. temporalit, it is attached to the 
frontoparietal and squamosal bones, posteriorly to tb^ superior border 
of the iliac bones aud the extremity of the urostyle. The posterior part, 
which covers the origins of the 
w. loni/UniHu» dorti, of the m. 
coeefijeo-iliacus, and of the 
coee^geo'liimbaris, is especially 
strong. From the anterior 
part several muscles arise la- 
terally, viz, a portion of the 
Mr. obtiquut aljftominalia exter- 
Mva, of the m. laiiMimui dorti, 
and of the m. depreator maxillae 
inferiorit. In the uppermost ' 
layer, immediately covered by 
the yiwc/n dortalU, lie the w. 
ciicttUarit, the w. retrahem 
tcapulae, the m. lalUmiittt 
dorti arising from the fascia 
itself, and the scapula with 
its muscles ; then come the 
long muscles of the back; and 
in the third and deepest layer 
the short muscles of the back 

The individual muscles are 




jiu] Ei|ihift«TikHn 
Psrtcuiltuni. 
U. nctiu Bbdomiuk 



as follows :— 



A. Limb MuneLics of tiik Back (for moving tlie shoulder- 
girdle and arm). 
31. M. ettcallaris (Fig. 66 c). 

CuvisF, a«yii(anii.— Dti«4^ d. 38, »ou»-nccii.ito adKSpalfure.— Zenkw, 
lecaliir tcapulae Mubtimli. 

In order to see this muscle, it is necessary to separate titcfaicia 
thrsalU from the spines of the vertebrae and to turn it back with 
the M. (lepre»»or majeUlae inf. arising from it. It is then seen to 
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rise from tlitj posterior liurface of the exuL-uipital as tar as the 
middle line"; the muscles of the two sides run baokwards, diverging 
each from tlie other, so as to form an angle, and are then attached 
on each side to the anterior superior angle of the suprascapula at 
its under surface and median border, 

Cuvier considers this muscle as the analogue of the ta. lecalor 
anffuli teapulae. Dug6s and Meckel consider it to be the anterior part 
of the M. cncuilarit, the former thinking the posterior part of the 
muscle to be the m. rhomboideut. I cannot agree with these opinions, 
and I r^^rd the muscle as simply representing the m. cucuUarit of 
man (Ecker). 

32. M. latiggimug (lorti {Figs. 56, 66 Itlj, 

Ducds, D. 66, lainbo-liumerBl. — Zenker, depraior brachli. 
This thin, triangular muscle arises from the ventral surface of the 
fatcia donalii, and is posteriorly covered in part by the anterior 
border of the in. ohliquut afulominit exlernug. The muscle becomes 
narrower towards the sides, and passes into a flat tendon, which 
blends with that of the m. infratji'inaliis, and is attached to the 
Fig, 66. outer surface o£ the cntta 

tielimtlea of the humerus by 
a triangular expansion. 

83. M. i-ffra/ieH* gcapu- 
/fl*f (Ecker), (Fig. 66 r). 

Dugte,n. i;9,l(inibo-adsapu1air«. 
— Eleln, HI. rhomboidtat, I. c, 
p. i6. — Zenker, omoplaltiu 

114, retraAeiii ihomboideiu. 

This flat, oblong muscle 
arises from the transverse 
process of the fourth verte- 
bra, and is connected with 
the third tendinous inscrip- 
tion (counting from before) 
bisJ"- of the OT. loHffiss. dorsi. Pos- 

he fMct« .lur- teriorly its origin forms a 
uwrigbt.td*. convex border, whence it 
runs forwards and to the 
tiide ; it is inserted into the 
ventral surface of the supra- 
scapula, near it^ inner border. 
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This muscle lies near the «r. serratus or transv. neap. teriiu$ (Fig. 
68 U^'\ and has an analogous position. It would, therefore, possibly 
be more correct to regard it also as a m. serratus. It arises 
from parts which represent ribs, and is inserted into the scapula. 
It has, at any rate, no analogy to the m. cucullaris, with which 
Dugfes connects it, nor with the m, rhoinhoUleuSy which Klein holds 
it to be, as it does not arise from spinous processes. 

B. LoifG Muscles of the Back. 
34. M. extemsor dorsi commu?iis (Fig. 6y Ig.d,). 

Dugds, n. 33-40, masse des muscles smvpinaux devisee en huit faisceaux 
principaux : i. vertebro-sus-occipital, 2-5. transverao-spinaux, 6. 
trans verso-coccyg.y 7. sacrcMX)ccyg^en, 8. Ueo-coccygien. The masdes 
1-7 form the lombo-costal, 8 the ischicoccyg., Cav. — Zenker, m. so- 
crolumbaris. — Klein, longia. dorai, coccygeo-lumb., coccyg. 'iliac. 

This muscular mass is covered by iheyascia darsalis, the m. cucul^ 
laris and retrahens scapula^ and the suprascapula : it corresponds with 

(1) the m. ileO'Costalis and lorigUsimus dorsi, dorsi and cervicis (Henle) ; 

(2) the semispifialis and spifialis (Henle). 

The following separate portions may be made out : — 

36. {i) M. longlss. dorsi (Fig. 67 lg,d.). 

This muscle arises from the most anterior part of the urostyle, runs 
forwards near the middle line, separated from the muscle of the 
opposite side by the spinous processes of the vertebrae. The inner 
portion passes over the posterior spinous processes without being 
connected with them, as far as the fifth, it is then inserted into the 
succeeding spines as far as the exoccipital bone. The lateral portion 
runs outwards and forwards to be attached to the transverse pro- 
cesses and oblique processes of all the vertebrae, from the sixth 
forwards, while accessory muscular slips arise from the transverse 
processes and from the anterior spinous processes which, merging 
in the general muscle-mass, are inserted with this into the occiput. 

The muscle is subdivided by a series of wavy^ tendinous par- 
titions (Fig. 67), which arise from the transverse processes, and 
traverse the muscle in planes, the upper surfaces of which are 
directed upwards and forwards. This arrangement of the muscle 
indicates its relation with the lateral trunk muscles of fish and 
fish-like amphibians. 

86. (2) M. coccygeo-sacralis (Fig. 67 c.l.). 
This muscle is partially covered by the preceding, it arises from 
the lateral surfaces of the anterior half of the urostyle ; from this 
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origin the fibres pass forwards and outwards to be inserted in two 
portions, the anterior set into the arch and the posterior set into the 
transverse process of the last vertebra. The former may be re- 
garded as m. infercruralh, the latter as m. mtertrantverfariiu. 

Kg- fir- 

37. (3) M. coceygeo- 
illacM (Pig. 67 C.I.). 

This muscle arises 
from nearly the whole 
length of the lateral sur- 
face of the urostyle, the 
ant«rior portion being 
concealed by the preced- 
ing muscle. The fibres 
pass outwards and for- 
wards to be inserted into 
the anterior two-thirds of 
the inner !^urface of the 
ilium. 

38. M: ilio-lumbant 

(Klein), (Fig. 67 i/.). 

I>usBa, n. 5 1 , trMuverao-ili- 
sqne.—CuTlor, Zanker, 
etc, juaifr. Wmhontm. 

Evidently represents 
the quadratug lumbomtit 
of human anatomy; it 
takes its origin from 
the anterior extremity 
of the ilium, and runs 
forwards to be inserted 
into the transverse pro- 
cesses of the vertebrae 
from the seventh to the 
fourth. 
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C. Short Muscles of the Back. 

39. M, intertransversarius capitis superior (Ecker), (Fig. 67 i.c,s.). 

Dugds, n. 41, ez-occipito-transvenaire 8up. 

A small muscle arising from the prootic : it lies above the 
levator atiguli scapulae^ and is inserted into the transverse process of 
the second vertebra. 

40. M. intertrafisversarius capitis ififerior (Fig. 67 i,c.i,). 

Dogds, n. 43, ex-occipito-transv. inf. 

This muscle lies on the ventral surface of the preceding one, but 
is easily separable from it ; it arises from the angle of the prootic 
and is inserted, together with the preceding muscle, into the 
transverse process of the third vertebra. The n. vagus passes out- 
wards between these two muscles. 

41. MM, inteiiransversarii dorsi (Fig. 67 i). 

Dugds, n. 43 to 50, intertransveraaires. 

Seven small muscles, placed between adjacent transverse pro- 
cesses of the vertebrae ; from the second to the last, in continuity 
with the muscles last mentioned. 

42. MM, intercrurales (Ecker), (Fig. 67 i'), 

Klein, p. 29, interspinales, interobliqui. 

Those muscular fibres found between the arches of adjacent 
vertebrae are so named. On account of the shortness of the 
spinous processes they can scarcely be named m, mterspinales. 



III. MUSCLES OF THE ANTERIOR EXTREMITY. 

I. Muscles of the Shoulder-girdle. 

A. Dorsal Muscles of the Shoulder-blade. 

(I.) Muscles arising from the head or trunk, and inserted into 
the scapulae, which they act upon primarily, and upon the shoulder- 
girdles secondarily. 

Some of these muscles, such as ///. cncullaris and relrahenSy are 
situated on the back, and have already been described with the 
muscles of that region. Others are attached partly to the under- 
surfaces of the scapulae and are only visible from below ; they are 
best seen in such a prej)aration as is shown in Fig. 68, made by 
cutting through the sternum in the middle line, and reflecting each 
half outwards. 
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(a) Muscles which arise from the skulL 
43. J/, levator atiguli scapulae (Fig. 68 /«). 

Dugds, BouB-occipito-adscapulaire, n. 6o. — Zenker, protractor scapulae y 
PI. I, Fig. 5. — Cuvier, Iie9on8 1, p. 379, describes this muscle as part 
of the m. aerratus anticus magnm. 

A fairly strong muscle, which has a broad origin from the prootic 
and exoccipital bones as far as the foramen magnum^ a few fibres 
are also attached to the lateral portions of the parasphenoid. The 
fibres run backwards and outwards, first in a frontal plane and 
then in a sagittal plane, to be inserted into the under sur&ce of 
the suprascapula near the posterior border, where it encloses the 
hinder border of the vi. inter scapularis. 

Its action is to draw the shoulders forwards and inwards, or the 
head downwards. 



44. 3/. sfenwcle'ulomastouleus (Fig. 68 sc). 

Dugds, Bcapulo-mastoidien, n. 65. — Cnvier, sterno-mastoidien. — Zenker, 
protractor scapulae, PI. I, Fig. 5, i. 

A narrow muscle placed in front of and externally to the pre- 
ceding muscle ; its general direction resembles that of the m, levator 
ang, scap. 

The fibres arise from the most external part of the prootic and 
from the hindermost part of the squamosal, under cover of the 
7n, digastricus mamllaey and from the hinder portion of the cartila- 
ginous tympanic ring. Covered by these muscles, it passes 
backwards and downwards to be inserted into the concavity of 
the anterior border of the scapula; externally to the origin of 
the deltoid. 

The action of this muscle is to draw the shoulder forwards 
and towards the middle line, or to bend the head downwards. 

46. M, protrahens scapulae (Fig. 68 jjs). 

Dugds, Zenker, protractor acromii, PI. I, Fig. 5, 3. 

■ This muscle lies to the outer side of the rectus capitis inferior : 
it arises from the prootic, and runs backwards and outwards upon the 
levaf^or anguli scapulae y to be inserted into the scapula. 
It pulls the scapula for^vards. 
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(b) Mtudei which aritefrom (he vertebrae. 

46, M. trantverto-Kapularit ttiajor (Ecker), {Fig. 68 it). 
Dogia, ttuiBTeno-ititenoapulBiro, n. 63.— Cnvter, I. c, p. 380, probably 

legarded u k portion of the terralut. — Zenker, PI. I, Fig. 5, 3 ; 
depTeuor aeromii, PI. II, Fig. 3, li- — Klein, deprcgtor »capulat, 

TluB miiscle arisee by tendon from the cartilage of the transverse 
process of the fourth vertebra and by a slip from the cartilage 
of the transverse process of the third vertebra. Diminishing in 
size, the muscle passes outwards, forwards, and upwards to be 
inserted into the posterior border of the scapula, opposite the in- 
s^tion of the m. tternochidomattoitleiit. It ilraws the nhoulder 
inwards, backwards, and downwards. 

47. M. tranmerto-tcapularU minor (Ecker), {Fig. 68 W). 
DncAa, tniuveiio-adta»pa)ure, n. 6l. — Oavlor. regarded u part of the 

terralat. — Zenker, PI. I, Fig. j, 7, dtlractor tcapnlae. 
This is much shorter than the muscle just described; it arises 
under cover of the m. 



levator Mapulae, from 
the transverse process 
of the third vertebra 
in front of the trant- 
rerto-teapularie major; 
and rune outwards and 
forwards to he inserted 
into the ventral surface 
of the cartilage of the 
scapula. The action of 
the muscle is to draw 
the shoulder inwards, 
backwards, and out- 
wards. Dugfes re- ■ 
garda this muscle as 
a portion of the terra- 
Ituanticui magttui, the 
remainder of udiich 
be considers is to be 
found in the portio 
teapularit of the m. 
iAliquut extemttt {xi- 
pho-adscapulaire, Du- 
gfes, a 62). 



Fig. 68. 




: St«riHHlitfaluiautdid«nii, 
I rjaiiBywwuMip, aaiot. 
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48. M. /ran*ver»o~»capnlaris iertin* t. *eiralii» (Ecker), (Pig- 
68 i/'). 

This is lai^r than the muscle juet described ; arising by a 
broad and flat origin from the transverse processes of third and fourth 
vertebrae, it ninB upwards and inwards to be inserted into the 
ventral surface of the cartilaginous scapula near its inner border. 
In position, course, and action the muscle most nearly represents the 
m. »erratu» antictit of human anatomy. 



(II,) Muscles on the scapula, that is, arising from the scapula 
and inserted info the scapula or humerus. 

(a) Mngcle* on the deeper lutface. 

49. M. iulertcapvlarii 
(Fig. 69 .'...). 

Dugia, iatencapulaire, n. 64. 
One end of this muscle is 
tendinous, and is attached to 
the outer extremity of the su- 
prascapula ; from this the 
muscle, becoming fleshy and 
narrower, runs towards the 
middle line to become at- 
tached to the ridge on the 
ventral surface of the scap- 
ula, from which the m. det- 
foidetit and the m. ttidscapvlari* 
arise, and between which it 
passes. It approximates the 
scapula and suprascapula and 
lessens the angle between 
them. 




■ ofrightnhoulderuKl app«rjim 
. (ro) and this ulnilda [rl) hive 
( aftw cuctins ttarongh lh« (lamu 



60. M. tiihcapvlaTia (Fig. 

uf tbs ni. [nKtonili.. 7° **)■ 

uttheiu. iBrtiiMli-. DugA>, Boua-Bc»palo hum^nl. 



This muscle is situated on 
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the upper or visceral enrface of 
the Bc&pula. It arises from a 
bony ridge found on the upper 
surface of the eoracoid and of 
the proe. coracoidevi of the scap- 
ula. The muBcle rune outwards 
and is inserted, after widening, 
into the inner surface of the 
rritt-a deltoidea of the humerus ; 
it is antagonistic to the deltoid, 
and draws the raised arm bark- 
wards and towards the trunks 




(b) Mvgelex on llie superficial »urfai:):. 



51. ^f. infranpinatvn 
(Fig. 57, between M and 
ihn. Fig. 7 1 i). 



The m. infragpinaivg re- 
presents the m. infrmpina- 
. tut, teres tnajor &nd minor ot 
human anatomy. It is of 
triangular form, with the 
broad base directed in- 
wards ; it arises from the 
whole of the upper sur- 
face of the suprascapula 
except along the inner 
border which is forme<l 
of hyaline cartilage alone : 
from this origin the fibres 
converge outwards to a 
flat tendon which unites 
with that of the m. lati*- 
*imus (torsi to be inserted 
into the erista thlloiilea hn- 
vifri, by means of a thin, 
triangular, tendinous ex- 
pansion. 




MiikIiw nf th« buck and "linnldwr- 

fit FudH diiiuUs. 

/if FuolB iluBMlii nflaotal. 

i M. Infmiiliutiu. 
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General arrangement of the muscles of the shoulder-blade. 

The muscles attached to the scapula and suprascapula are : 

1. Muscles of the back (m. cucullarU and tn. retrahens scap.), 

2. Muscles of the neck (m, omohyoideua), 

3. Muscles of the abdomen [porfio scapularis of the m. obllqiivs 
externum), 

4. True shoulder muscles (m, levator anguli scapvlae ; m, stemoclei- 
Hojnastoifhus ; m, protrahen^ scapulae ; ww2. transverso-scapularu major , 
minor, and f-ertius s. serratutt \ m. interscapvlaris ; m, subscapvhris ; 
and the long head of the m, triceps). 

From above the following are visible : m. cucullaris, a portion of 
the m. subscapularis, and the transverso-scapularis maior. 

From below (after cutting through and drawing aside the two 
halves of the sternum) may be seen : the omohyoideus, stemocleido- 
mastoideus^ levator anf/uU scapulae, protrahens scapulae, transverso- 
scapvlaris minor and teriivs, interscapular is and svhscapularis, 

B. YK^iTHAL Mui^CLES OF THE SllOULDKR (PeCTORAL 

Muscles,) 

These arise from the sternum or shoulder-girdle and are inserted 
either into the humerus or into the radio-ulnar. 

62. 3Lpectoralis{Fig.y2), 
This is placed on the ventral surface of the shoulder-girdle and 
consists of the following parts : 

(a) Portio sternalis anterior (Eeker), (Figs. 72, 73 jt>'). 

Dugds, clavi-ham^ral, n. 70 (port, clavic.'du grand pectoral). 

This is the anterior portion of the m, pectoralis, it arises from the 
stfemum proper and the epicoracoids. Broad at the origin, it be- 
comes narrower as it runs outwards into a t-endon attached to the 
crista deltoidea humeri, 

(j8) Portio sternalis posterior (Ecker), (Figs. 72, 737?"). 

Dugds, stemo-hum^raly n. 71 (port, sternal du grand pectoral). — Eleiiiy 
hutnerO'Sterna /i>. 

This muscle is placed immediately behind the portio sternalis 
anterior, it has a somewhat broad origin from the sternum and 
xiphistemum ; the muscle runs outwards and slightly forwards to 
be inserted into the groove beside the crista deltoidea /lumeri. The 
tendon of the m. sterno-radialis passes between these two portions 
of the w. pectoralis. 
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(y) Portio abdomuialu (Figs, yt, 73p"')- 

Dosia, abdomino-hamdral, n. 69 (port, costal du gnmd peotond). — 
Zenker, brachio-abdinninalit. — Slelu, huMtriMibiloittiiialU, 
This portion represents that part of m. pecioralU major of human 

Fig. 12. 
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anatomy which arises from the costal cartilages^ and more par- 
ticularly that part which is connected with the aponeurosis of the 
/». obliquus abdominis extermis. The muscle arises (i) from the 
m. rectus abdominis (Fig. 72 r), that is, it forms a direct continua- 
tion of the outer portion of this muscle ; (2) the inner, smaller, part 
arises from the superficial surface of the aponeurosis of the m. obli- 
quus abdominis. The muscle becomes narrower. as it courses out- 
wards and forwards, the outer fibres being longer and more oblique 
than the inner. The action of this muscle will necessarily vary 
according to the part or parts which are brought into action; 
speaking generally, the anterior extremities will be drawn down- 
wards and towards each other. 

63. M. coracO'Aumeralis (Duges), (Figs. 72, 73c,A,). 

Dug^s, n. 72. — Klein, ctdductor humeri, 

A long, narrow muscle, lying upon the posterior border of the 
coracoid and the lowest part of the m, subscapnlaris. By its posi- 
tion it corresponds most nearly with the m,pecf oralis minor, although 
its insertion does not. It has a narrow origin from the coracoid 
near the sternum, whence it courses outwards, under cover of the 
port, sternalis anterior and posterior of the m.pectoralis, to be inserted 
into the middle of the hiunerus between the deltoid and internal 
head of the triceps. It draws the limb towards the trunk. 

64. M, sternoradialis (Cuvier), (Figs. 72, 73 s.r,), 

Dugds, pr^-stemo-clavi-radial, n. 74. 

This muscle evidently represents the biceps of man, it lies in 
front of the portio sternalis anterior of the m. pectoralis, its hinder 
border being under cover of the latter muscle. It takes origin from 
the epistemum, omostemum, and the epicoracoid ; from this broad 
origin the fibres converge while coursing backwards and outwards to 
be attached to a strong tendon. This tendon plays in a groove along 
the crista deltoidea, and is held in position by tendinous bands 
arising from the insertion of the m, pectoralis \ it then pierces the 
lower portion of the muscular belly of the deltoid, and is inserted 
into the anterior extremity of the radial side of the radio-ulnar. 
The muscle is a powerful flexor of the forearm. 

66. M. deltoideus (Figs. 70, 72, 73 d). 
Dugds, prd-stemo-scftpulo-hum^ral, n. 68. 

It is placed in front of and external to the m. sternoradialis, and 
represents both the w. deltoideus and supraspinatvs of man. The 
muscle has two points of origin : — 
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Pig- 73. 




(a) Poriio teapvlarU, the 
larger, external portion is 
attached to the outer end of 
the clavicle, and to the ante- 
rior process of the precoracoid, 
but it ansee chiefly from the 
dorsal surface of the scapula 
(from the same ridge as tlie 
m. ttibgcapularis), and lastly 
from the anterior border and 
ventral surface of the scapula. 
The fibres pass outwards over 
the shoulder- joint. 

(b) Part davioHlarit {muse, 
cleido-humeralit, Klein) arises 
from the inner extremity of 
the clavicle and from the omo- 
8t«mum and joins the porfio 
icapularu. 

The muscle is inserted into 
the humerus, the under part 
of the poriio gcapularu being 
attached to the upper portion 
of the cri»ta tleUotdea; the 
outer fibres of this part, to- 
gether with those of the part 
davicularit, are attached to the extremity of the cri*/a deltoidea and 
to the inner surface of the humerus as far as the distal extremity; 
just before its insertion the muscle is pierced by the tendon of the 
«r. tfemoradiali*. The deltoid draws the bmb forwards. 

II, AIUBCLES O? THE FoEE-I.IMB. 

A. Muscles op the Arm. 
if. Hernoradialig {btcepg). See page 8a. "^ 

66. M. irieeps braeiii (Fig. 73 t.T.). 

Dngta. ■opnlo-ham^ro-olecranien, u. 75.— OkpM, ZenkBr, ■». aitroiMm*. 
Thb muscle lies on the upper or dorsal surface of the arm, and 
has relations similar to those of the corresponding muscle in man. 
The long head arises from the posterior border of the scapula at the 
ui^>er border of the glenoid cavity, and is here attached to the capsule 
of the joint ; the inner head arises from the upper and inner surfaces 



ij. U. iatei 

fjT. M- evAtor angnll icapiUiiB. 

ff Antdrior itflTAAl portion oT 

f^ Pcatvrior tteniAi porOoa uf 
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of the anterior half of the humerus as far as the extremity ; the 
outer head arises from the outer surface of the humerus. Additional 
fibres, which may be regarded as a fourth origin (m. subanconaeus), 
arise from the upper surface of the hinder half of the humerus. 
The fibres from these several origins unite to form a strong muscle, 
which covers the upper, inner, and outer surfaces of the bone, and 
then passes into a tendon. This tendon is attached to the capsule 
of the elbow- joint and inserted into the proximal extremity of the 
radio-ulnar. A cartilage, representing the olecranon, is found in the 
capsule at the point of attachment of the tendon. 

B. Muscles of the ^Forearm. 

(I.) Muscles of the flexor surface. 

The muscles of this sui*face are arranged in two groups, so as to 
form, At the elbow-joint, a triangular depression (plica cuhiti), into 
which the tendon of the m, sternorafiialia sinks. 

A. Muscles of the Inner Group. 



Fig. 74- 




Muscles of the right arm of 
Bana esctdenta. 

ed M. extens. digitorum com- 
manis. 

H M. aMuctor digiti 1 1 longns. 

Fa' M. flexor antibrachii later- 
alis superficialia. 

Fc M. flexor carpi fadial. 

Fc' }A. flexor carpi ulnar. 

Fd M. flexor digitorum com> 
munis. 

sr Tendon of the M. atemo- 
radialis. 



57. M, jlexor carpi I s. radialis (Fig. 
74 J-'c). 

Dugds, Bous-hum^ro-carpien, n. 83. 

This represents either the flexor carpi 
radialis longior or radialis brevior of man ; it 
has a broad origin from the inner border of 
the humerus above the epicondylus medialis. 
It becomes narrower as it passes downwards 
to be inserted by a tendon into the oi 
semilunar e and navicnlare. The muscle is 
much stronger in males than in females, 
and the crest from which it takes origin is 
correspondingly larger in the former sex 
(p. 42). Tendinous fibres connect it with 
the following muscles : — 

58. M, flexor carpi II 8, ulnar is (Pig. 
74 Fey 

Dugds, epitrocblo-carpien, n. 84. 

This muscle represents the flexor carpi 
uhiaris or nltiaris anterior^ and is close to 
the inner side of the foregoing. It arises 
from the epicondylus medialis y being con- 
nected by fibres with the flexor digiforitm, 



communis, and is inserted into the os navicnlare. 
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69. M.jUxor digitorum communis (Figs. 75, 76, 77 Fd). 

Dugds, epitrochlo-8ou8-phalangettien, n. 118. 

This muscle lies most internally, and corresponds to the m. flexor 
digitorum suhlimis of man. It arises in common with the foregoing 
muscle from the epicondt^lus medialis, and runs downwards to the 
palm of the hand. At its entrance into this it diminishes and 
passes into the flat apofieurosis pahnaris. (See hand, B.) 

60. M.fl,exor antibrachii medialis (Ecker), (Fig. 75 Fa), 

Dugds, epitroohlo-8oiu-radial, n. 79. (Freqaently described as the pro- 
nator roiundus, a description which cannot be retained, as the implied 
movement does not oocar in the frog. — Ecker.) 

This muscle lies deeply on the inner side of the forearm, covered 
by the flexores carpi; it arises tendinously from the epicondylus me- 
dialis and is inserted into the inner surface of the radial side of the 
radio-ulnar as far as the inferior articular extremity. 

61. M, flexor aniihrachii lateralis su- ^ig- 75- 
perficialis (Ecker), (Figs. 74, 75 Fa'). 

DugdB, premier ex-hum^ro-radial, n. 76. 
(Usually described as supinator longuny 
this, for reasons similar to those in the 
case of m. flexor antibrachii medialis^ 
cannot be retained.) 

The situation of this muscle corresponds 
with that of the supinator longus of man ; 
it lies to the outer side of the tendon of 
the m. stemoradialiSy and arises by two 
heads, the one, above from the outer edge 
of the humerus, the other deeper from the 
epicondylns lateralis. They unite and pass 
into a tendon which, running over the 
lower articular extremity of the radio- 
ulnar, is partly attached to the carpus and 
partly connected with the tendon of the 
m. extensor digiti II proprivrS longus. From 
its position and insertion, this muscle 
evidently flexes the foreaxm and extends 
the hand. 

62. M. flexor antibrachii lateralis prof undus (Ecker), (Fig. 75 Fa''), 

Dugds, epicondylo-SQS-radial, n. 78. — Klein, flexor aniihrachii. {Sit- 
pinat. hrevis antt.) 

This muscle arises under cover of the foregoing, from the epicon- 
dyltts lateralis of the outer surface of the humerus, it becomes 




Musclen of the right arm of Rana 
esculcntq^ deep layer. 

ed Extensor digit, oommunia. 
Fa Flexor antibrachii mediaUs. 
Faf Flexor antibrachii lat. super 

fidalis. 
Fa" Flexor antibr. lat. profandus. 
Fc Flexor carpi radialis. 
Fc' (lexor carpi ulnaris. 
Fd Flexor digitorum communis. 
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broader and is inserted into the whole length of the lower (volar) 
ridge of the radio-ulnar. It is a powerful flexor of the forearm. 

(II.) Muscles of the extensor surface. 

63. M, extensor digitorum communis longus (Fig. 75 ed). 

Dug^s, hum^ro-sas-digital, n. 95. 

This muscle lies on the outer border of the forearm ; it arises in 
common with the short head of the flexor antibr, lateralis superfici- 
alis from the €pi<:ondi/lus lateralis, and from the sur&ce above it ; 
it runs downwards along the outer side of the forearm^ in order to 
pass into an aponeurosis on the back of the hand, which expands 
upon the third, fourth, and fifth fingers, and ends between them in 
a free concave border. This aponeurotic expansion is connected 
with the tendons of the extensor brevis digitorum, 

63*. M, aMuctor digiti II (i, e. pollicis) longus (Fig. 74 ei). 

'^Dugds, cubito^m^tac&rpien, n. 87. 

This muscle lies between the foregoing and the flexor antibrachii 
lateralis superjicialisy and appears superficially in the interval between 
Fig. 76. them. It arises from the lateral surface of the 

radio-ulnar, and runs obliquely over the m, flexor 
antibrachii lateralis profundus and the hinder 
extremity of the radio-ulnar towards the second 
finger into the metacarpal bones of which it is 
inserted. 

04. M. extensor carpi ulnaris s, ulnaris post. 

(Fig. 76 ec). 

Dug^s, epioondylo-Bous^carpien, n. 85. — Klein, 
abductor carpi iniemtts. 

This muscle has a somewhat narrow origin 
from the epicondylus lateralis ; during its course 
thi-oi;gh the forearm, where it lies between the 
mm, anconaei on the one side and the extensor 
digitoruffi commnni on the other, it becomes 
broader and is inserted into the outer surface of 
the carpus in the following manner. By one 
tendinous slip it is attached to the palmar 
border of the os pyramidale^ by a second slip 
to the outer border of the os capitato-kamatum. 

This latter slip is usually connected in its dorsal portion with the 

extensor digitorum communis brevis. 




— «e 



MuBoles of forearm of 
Rana e$culenta^ dorsal 
view. 

aa M. anoonaei. 
ec M. extens. digit. 

oommunis. 
Pd M. flex, digit. 
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65, 66. If. anconaei s, extemoreB antibrachii (Fig. 76 aa), 

Dugds, epicondylo-cubital and epitrochlo-cubital, n. 80, 81. 

Both these muscles lie on the extensor side of the forearm ; they 
spring, the one from the epicondylus lateralis^ the other from the 
epicondylu* mediali% ; converging, they run downwards, enclose the 
olecranon, and are inserted into the upper (dorsal) border of the 
ulna, each forming a penniform muscle. They are extensors of the 
forearm and assist the m. triceps. 

C. Muscles of the JIamk 
(I.) Muscles on the palmar surface, 
(i) Muscles common to all the digits. 

67. M, flexor digitorum commmm and m. palmare brevis (Fig. 
nfd.pb). 

The origin and course of this muscle has been described above. 
At its entrance into the palm it suddenly diminishes in size and 
passes into a triangular aponeurosis, apmieurosis palmaris. Into the 
outer border of this aponeurosis is inserted the m, palmaris brevis 
(Fig. 77 pi) ; this latter muscle arises from the posterior or ulnar 
border of the lower extremity of the radio-ulnar below the insertion 
of the mm, aucofiaei^ and runs obliquely downwards to this insertion. 

From the lower free border of the aponeurosis a number of 
muscles arise which will be described with the rest of the digital 
muscles. 

(2) Muscles of the rudimentary thumb. 

68. M, abductor poUicis (Figs. 77, 78 ap\ 

Dugds, cnbito-pollicien, n. 100. 

This short muscle arises from the upper border of the lower 
extremity of the radio-ulnar, passes transversely outwards, and is 
then inserted into the anterior border of the rudimentary thumb. 

69. J/, adductor pollicis (Figs. 77, 78 ar/.^y). 
DugdB, soQB-carpo-poUicien, n. loi. 

This lies more superficially than the last, it arises from the 
palmar surface of the os capitato-hamatumy and is inserted together 
with the abductor pollicis into the thumb. Several fibres of the 
extens. dig. II brevis are also inserted into the thumb. As this 
member is completely covered with skin, the motions of which it 
is capable are very limited. 
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(3) Muscles o£ the second finger, which serves the porpofles of a 
thumb. 

70. M. flexor digili II Umgv* s. tublitnig (Pig, 77/a). 

Dngda, Bons-oBrpo-phBluigettieD de I'indei, D. I33. 

This ia a. flat muscle, which arises for the most part by fleshy 
fibres from the hinder free border of the aptmeuroiu palmaris, also 
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by a smaller part from the palmar- surface of the ot capi/^f^ 
haiiiatufn. It quickly passes into a thin long tendon which is 
inserted into the terminal phalanx of the thumb (second finger). 
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71. M. flexor digiti II brevis 8, prqfund'U9 (Fig. TT fh%), 

DugdB, soufl-carpo-phalangien de T index, n. 102. 

This flat muscle, covered by the preceding, has a tendinous origin 
from the palmar surface of the 09 capitato-hximatnm^ together with 
one head of the flexor siMimis, and is inserted into the basal 
phalanx. 

72. M.fl^fxar digiti II tertius (Fig. 78/(^2'). 
Dugds, tendini-phalangien de Tindex, n. 103. 

A small, thin muscle which arises close to the foregoing from the 
OS capitatO'hamatum^ and is inserted into the basal phalanx (see 
below, m, interossens volaris /). 

73. M, adduclor digiti II (Fig. 78 adz). 

Dug^y m^tacarpo-m^tacarpien de Tindex, n. 90. 

This muscle represents the qdductor pollicis of man ; it arises from 
the base of the third os metacarpal and is inserted into the metacarpal 
of the second finger, which latter it draws towards the third finger. 

74. M. opponens digiti II (Figs. 77 and 78 0), 

Dui^B, BOQS-carpo-m^tacaipien de Tindex, n. 90. 

This muscle represents the muscle of like name in man. It arises 
from the palmar process of the og capitato-hamatum by a nan^ow 
tendon and passes into a broad, flat muscle, which is inserted into 
the under surface and outer border of the metacarpal of the second 
finger throughout its length. It has, undoubtedly, the same action 
as the corresponding muscle in man. 

(4) Muscles of the third finger. 

75. M, flexor digiti III longus 8, sublinm (Fig. 77/3). 

The smaller portion of this muscle arises from the free border of 
the aponeurosis palmaris, the chief portion, together with the flexor 
brevis, from the palmar surface of the os capitato-ha7natum. The 
two portions pass into one long tendon, which is inserted into the 
last phalanx. 

76. 77. MM, fl^xores digiti III breves s, profundi /, // (Fig. 
77/^3 and/53'). 

Dugds. tendini-pbalangiena du inedius, n. 104, 105. 

These two muscles arise in part from the free border of the apo- 
neurosis palmaris, in part from the volar surface of the os capitato- 
hamatumy and pass backwards on either side of the muscle last 
described, to be inserted into the basal phalanx. Dugfes regards 
these as analogues of the mm, lumbricales. 
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78. M, flexor metacarpi dig. III. 

This is a somewhat strong muscle^ which arises by fleshy fibres 
from the palmar sur&ce of the oa capitato-hamatuniy and is inserted 
into the palmar surface of the metacarpal bone. 

(5) Muscles of the fourth finger. 

79. M, flexor digiti IV longus s, suUimis (Fig. TJ f^. 

It arises at the free border of the aponeurosis palmaris, and is 
inserted into the terminal phalanx by a thin tendon. 

80. 81. MM. flexores digiti IV breves s. profundi /, // (Fig. 
77^4andy84'). 

Dugds, tendini-phalangiens de Taxmulaire, n. io8» 109. 

Dug^ regards these also as analogues of the m. Imnbricales ; they 
arise on either side of the foregoing muscle from the free border of 
the aponeurosis palniaris, and are inserted by tendons into the basal 
phalanx. 

82. M. flexor proprius pAalanguM. dig. IV (¥ig. ySfp). 
Dugds, phalango-phalangien, n. 115. 

A small muscle which arises by two slips from the palmar surface 
of the basal phalanx^ and is inserted into the base of the middle 
phalanx. 

83. M. flexor metacarpi dig. IV (Fig. 78 14). 

This somewhat strong muscle arises from the os capitato-Aamatum, 
and is inserted into the palmar surface of the metacarpal bone. 

(6) Muscles of the fifth finger. 

84. M. flexor dig, V longus s. sublimis (Fig. 77/5). 

This corresponds exactly with the corresponding muscle of the 
fourth finger. 

85. M. flexor dig. V brevis (Fig. 77/^5). 

This muscle arises from the free border of the aponeurosis and 
is inserted into the basal phalanx. 

86. M. flexor proprius phnlangum dig. T (Fig. y^fj)). 

Dugds, phalango-phalangien, n. 1 7. 

It corresponds exactly with the corresponding muscle of the 
fourth finger. 

87. M. opponens dig. V (Fig. 78 d\ 

Dug^y deoxi^me lous-oarpo-m^tacaipien du digitule, n. 92. 

This muscle has a narrow origin from the palmar surface of the 
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09 capitaUhhamatumy it widens and is inserted into the outer border 
of the metacarpal of the small finger. It draws this finger towards 
the thumb. 

88. if. abductor dig, V primus (Figs. 77 and 78 ah^. 

Dugds, sous-pyro-pr^-m^tacarpien du digitule, n. 93. 

This muscle arises from the palmar border and the outer surface 
of the OS pyramidaley and is inserted into the basal phalanx by a 
thin tendon. 

89. M, abductor dig, V secundus (Figs. 77 and 78 ab^-), 

Dugds, souB-pyro-post-m^tacarpien da digitule, n. 94. 

It arises from the posterior part of the os pyramidale^ is short, 
and is inserted into the outer side of the metacarpal. 

(II.) Muscles on the dorsal surface. 

M. extensor digitorum communis longus (Figs. 75 ed and 77 ec), 

00. M, extensor digitorum communis brevis (Fig. 79 ^3, ^4, ^5). 

Dngte, BouB-pyro-phalangettien da III, lY, V, n. 124, 128, 131. 

Covered by the foregoing, this muscle arises from the os pyra- 
midale in conjunction with the extensor pollicis and from the os 
capitato-hamatum. The part destined for the third finger, together 
with that for the fourth, arises from the os pyramidah^ passes 
obliquely backwards into a tendon which runs along the inner side 
of the corresponding finger to be inserted into the last phalanx. 
That for the fifth finger arises from the inner projection of os 
capitatO'hamutum being here attached to the insertion of the m. ex- 
tensor carpi ulnaris, and is inserted in a similar manner into the 
terminal phalanx of the fifth finger. 

91. 31. abductor digiti II (i. e. pollicis) longus (Figs. 74 ei and 
79 ai.2). 

For the origin and course of this muscle in the forearm see 
No. 63. The muscle passes obliquely over the wrist-joint from 
the little finger towards the inner side and from before backwards, 
it is inserted into the metacarpal of the second finger (thumb). 
The place of insertion of this muscle into the metacarpal (compare 
p. 47) is, in the males, developed into a ridge and process^ the 
muscle itself is enlarged during the breeding^ season. This muscle 
abducts the thumb and by this means presses upon the chest of the 
female when clinging to her. 



ri THE MUSCLES. 

Oa. M. ex/eugor digili II propriu* hngv» (Fig. 79 C2, fi"). 
Dugia, cubito-radio-KiaB-plialuigieii da I'indei, n. 96. 
This muBcIe lies obliquely on the back of the hand, parallel 
Hg. jg. mth the m. abductor digiti II. It 

jv arises by two heads, one from the 

tendon o£ the fiexor antihr. Uti. ■ 
Mqierf. {n, 60) upon the hinder ex- 
tremity of the radio-ulnar. This 
tendon conceals the hinder end of 
this bone by means of a patella-like 
thickening, and sends forth three 
tendinous prolongations; of these, 
the one is attached to the ulnar 
border of the radio-ulnar, the second 
to the o» navicvlare, while the third 
constitutes that portion of the m. 
extens. dig. II propriug long, which 
is under consideration. The second 
head arises from the o* pgmmidale 
in connection with the exUntor digi- 
toTum comiiinnU bievu (n. 90). The 
heads unite to form a long muscle, 
which runs obliquely towards the 
second finger, passes into a tendon, 
which, after forming connections 
by some musculai' fibres with the 
metacarpal, is inserted into the ter- 
minal phalanx. 




^4 tun. IsUroeHL 
ll-Vi.liiFig,,j. 



83. M. extentor dig. II propriu* hrevi* (Pig. 79 ehi). 
Dngil, BaB-lnno-phftluigettian de I'indei, n. 1 10. 
This muscle lies between the preceding muscle and the abduclor 
dig. II lottgut. It arises from the o» naviculare, and also includes 
some fibres which arise from the second metacarpal. The tendon 
runs along the radial side and is inserted along with the last 
muscle into the terminal phalanx. 

B4. M. aiduoior dig. II hrevi* (Fig. 79 ab.t'). 
Sngda, BDC-luno-m^taoupien de I'iudex, d. 8S. 
This represents the abduct, pollic. irevit of man, lies on the outer 
side of the hand, arises from the ot naviculare, and is inserted into 
the second metacarpal. 
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96. if. extensor dig. III praprim, 

Ihigds, BQB-lano-phalangettien da m^dius, n. 123. 

This muscle has two heads of origin, from the os naviculare and 
lunatum. These form one muscular belly, which rapidly diminishes 
and passes into a tendon; this, after receiving a few muscular 
fibres from the second metacarpal, runs to the outer part of the 
dorsal surface of this finger as far as the terminal phalanx, where it 
is inserted. 

96. M, extensor dig, IV jtroprius, 

Dug^i loi-pyro-phalftngettien de rannalaire, n. ia8. 

By a somewhat broad base, this muscle arises from the os navi- 
eulure and lunatum. The tendon receives fibres from the fourth 
metacarpal and runs on the outer half of the dorsal surface of this 
finger as far as the middle phalanx, where it is inserted. 

(III.) MM. interossei, 

97, 98. [a.] MM, transversi metacarpi (Ecker), (Fig. ySt,f, adi). 

These lie transversely between the metacarpals. There are three ; 
the first has been already described as w. adductor digiti II (n. 73) ; 
the second is stretched between the third and fourth metacarpals, 
and the third between those of the fourth and fifth fingers. 

99, 100, 101. [b.] MM, interossei volares. 

One may regard as such, four long, thin muscles, which take 
origin near one another on the palmar surface of the carpal bones, 
and diverge from this towards the second and fifth fingers. 

T. The first of these muscles (Fig. 78 fb2') has already been 
described above as the m, flexor digiti II tertius (n. 72). 

2. The second (Fig. 78 13) passes from the origin already de- 
scribed to the palmar surface of the basal phalanx of the third 
finger. 

3. The third (Fig. 78 i^) runs, in like manner, to the fourth 
finger. 

4. The fifth (Fig. 78 15) to the fifth finger \ 

102 to 108. MM, interossei dorsales. 

These arise in common from the metacarpals, and are inserted 
into the basal phalanx of the corresponding surface on the finger. 

^ Whether these muicles may be regarded as mm. interotnei is open to discussion, 
as they appear to act more as mm. opponent eji. 
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1. The third finger has two, one to the radial side (Pig. 79 t'3), 
one to the idnar side. 

a. The fourth finger has three, the third (Fig. 79 i'4) arises from 
the carpus, and perhaps ought rather to be regarded as an extensor. 
3. Thejifth finger has two. 



IV. MUSCLES OF THE HINDER LIMB. 

I. Muscles of the Thigh. 

General arrangement (Figs. 80, 81). 

a. The m. triceps femoris forms the outer border of the thigh, and 
extends on to both the dorsal and ventral surfaces. The outer 
border therefore corresponds with the anterior surface of the thigh 
of man, in consequence of the thigh in the frog being normally 
rotated outwards. 

b. The m, vastus intemus(v.i.) and a portion of the adductor hnpus 
{ad'), the sartorius (s), a portion of the adductor magnus (ad^^^)^ and 
the rectus internvs major (r.i') are found on the inner surface of tiie 
thigh. 

c. The rectus niternus viinor (r, i^') forms the inner border, 

d. On the dorsal surface are to be seen, nearest the trunks the 
glutaeus (gl), on the outer border the hastus extemus {y.e,), the pyri- 
forviis and bicej^s {p and b), then the setnimembrahosus (*«?), and lastly 

the rectus internus iniiior {ri'). 

e. By reflecting the rectus internus major (compare Fig. 82) there 
are exposed to view : the sefnitendinosus (st), the whole length of 
the adductor iongus, magnus [ad' and ad'''), and brevis (a^'). By re- 
flecting the triceps, one sees (Figs. 84, 85) the ilio psoas {ip), and 
beneath the semimembranosuSy the qvadratvs (gf), and capsularit 
femoris (og). 

Description of the separate Muscles, 

(A.) Muscles of the dorsal surface 
109. 3/. glutaeus (Fig. 80 gt). 

Dugds, ex-ilio-trochant^rien. — Zenker, glutaeus maior. 

The tendinous origin of this muscle is found on tBe outer sur&ce 
and upper border of the two hinder thirds of •the iliac bona Thence 
it runs outwards and backwards between the head of the m, uuims 
extemus (ve) on the one side, and the ilio-psoas and mtus antieus (ra) 
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on the other, to be inserted Fig. 80. 

into a tubercle (trochanter) 
of the femur. 

110. M, Pyrifarmis (Fig. 

80/). 

Caviet, pyramidal. — Dug^, 
ooocj-f^moral, n. 136. 

A narrow^ slender muscle, 
arising from the apex of the 
coccyx; it passes obliquely 
outwards and backwards to 
the thigh^ to be inserted deep- 
ly between the wi. vastus exter- 
nus and the biceps, into thein- 
ner sur&ce of the femur, tut 
towards the ventral surface. 

M, triceps femaris s. exien- 
SOT cruris communis (Fig. 80). 

Dugds, pelf i-fi^moro-rotulieny 
n. 145, 146, 147. 

This is a large, strong 
muscle^ having three heads 
of origin, and inserts by a 
tendon into the tibio fibula. 
The three heads are the cajmt 
hngum or the rectus femoris 
aniieus (r.a.), the caput exter- 
num or the vastus externum (t?*^*)' 
and the caput internum or the 

vasinM iniemi^ (^%* ^^ ^0 > ^^ 
theee^ the first is situated 
on the outer border of the 
thigh, the second on the dor- 
sal surface, and the third on 
the ventral surface. 

111. [a.] M, rectus femoris 
antieus (Figs. 80, 82 ra). 

This arises from the under 
(ventral) surface of the iliac 
bone about its middle and 
beneath the m, glvf^aeus. The muscular l>elly quickly passes into 
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an aponeurosis, which covers the other two muscukr masses and 
combines with their tendons. 

112. [b.] M, vastm extemus (Fig. 80 v,e.). 
It arises from the upper and hinder extremity of the iliac bone 
(Fig. 4a il^) behind the glutaeus, which here sinks in between this 
muscle and the rectus anterior. 

118. [c] M. vastus intemtis (Figs. 81, 82 vi). 

It arises from the whole of the imder and outer surfaces of the 
hip-joint capsule^ and from tendinous slips which pass from this 
capsule downwards on the under surface of the muscle, (from the 
pubis and the femur I have not seen any fibres of origin, as stated 
by others). Anteriorly the vastus may easily be separated into two 
heads. The two vasti unite and form one muscular belly, in the 
formation of which, as above stated, the rectus anticus takes no 
part. This united muscle passes into a tendon which, without the 
mediation of a patella, passes over the knee-joint to be inserted into 
the anterior extremity of the tibio fibula, and is prolonged into the 
fascia of the leg. 

114. M. Uio-Jibularis s, biceps (Fig. 80 b), 

Du^ds, ilio-p^ronien, n. 149. — Zenker, flexor extemus tibiae, p. 42. 

This is a long, somewhat narrow muscle, which lies to the inner 
side of, and partly covered by, the vastus extemtts, between which 
and the semimembranous it is placed. It arises by a tendon between 
the ilio-psoas and pyriformis from the ilium above the acetabulum 
and behind the origin of the vastus extemus. From here it passes 
backwards, separated from the vastus extermis by a strong ligam, 
intermusculare. On the inner side of this muscle, between it and 
the m. semimemhranosuSy run the vessels of the thigh and the N. 
ischiadicus. The muscle then divides into two portions, of which 
one is inserted high up on the inner and under surface of the 
femur. This is probably the muscle which Klein (/. c, p. 61) 
describes as the extensor brevis. The other long muscular belly 
passes into a thin tendon, opposite the hinder extremity of the 
thigh, it divides into two portions; the anterior is inserted into 
the dorsal surface of the hinder extremity of the femur, the other 
into the dorsal surface of the tibio-fibnla. Between the two is 
stretched an arch with the concavity outvi^rds. This insertion of 
the biceps is covered by the stronger tendon of origin of the m. gas- 
trocnemius (comjmre Fig. 87). 
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116. M, setnimemhrayKmts (Figs. 80, S6 sm), 

Dug^, suB-ischio-poplit^, n. 148. — Klein, p. 60, extensor fcmorie 
suhlimis. 

This muscle lies on the dorsal surface of the thigh, to the inner 
side of the biceps and pyrifonnu : it is a broad muscle, which takes a 
tendinous origin from the hinder and upper angle of the symphyais 
owi* ileiy and is inserted by a flat tendon into the dorsal surface 
of the ligaments of the knee-joint, and through these into the 
tibio-fibula. The tendon is formed rather abruptly from the muscle, 
and is surrounded, (Fig. 86) by the concave arch, which forms 
the tendon of origin of the gadrocnemiu^ {q, v.). A little behind 
its middle (compare Fig. 81) the muscle is divided obliquely into an 
anterior and a posterior portion by an aponeurotic septum. As 
all the fibres are interrupted by this structure, the muscle may 
very easily be torn through. 

(B.) Muscles on the ventral surface. 
lie. 3/. mrtarivs (Figs. 81, 82 *). 

Dugds, 8ou8-il^o-tibial, n. 150. — Klein, ^rart7t>. 

This long, flat muscle lies along the middle of the ventral surface 
of the thigh ; it arises by a tendon from the anterior inferior angle 
formed by the symphysis of the innominate bones, and ter- 
minates in a tendon behind the knee-joint, forming a kind of 
pes anseriniis in the fascia of the leg, similar to that of the seffii- 
tendifiMus ^. 

117. M. rectus interntis major (Ecker), (Figs. 81 ra, 82 ri'). 

Dugds, pofit-ischio- tibial profond, n. 152. — Klein, semimembranosus. 

This is a broad and flat muscle, thinned out at either extremity ; 
it occupies the inner half of the ventral surface of the thigh, and is 
in relation with the adductor magnm externally and anteriorly, with 
the sartorius posteriorly, and the recivs vii7iar muscle internally. 
The muscle arises by a tendon from the pubic symphysis; 
it covers in its course the semitendmosuSy then passes into a 
strong tendon, which blends with the tendon of the rectus 
minor, to be inserted by a slip into a« process of the tibio-fibula 
representing the tuberositas tibiae, first passing between the ten- 
dons of the sartorius and semimemhranosus, which here form an 
aponeurotic arch; a second slip passes under the tendon of the 

' The sartoriiiB has lately been used by Kiihne in his researches on the nerve- 
endings in muscle and on muscle contraction without nerve supply (du Bois-Eey- 
mond*s and Reichert's Archiv, 1859. Page 314). 

II 
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m. temiiendinottu to 
be insM'ted into the 
upper surface of the 
ti bio-fibula, under it 
passes the A', tibial'm. 
A third thread - like 
tendon passes to the 
m. temimembranofim. 
Somewhat behiud its 
middle (Fig. 8x) the 
muscle is traversed by 
an inseriptio tendinea, 
by which the whole of 
the fibres are inter- 
rupted. 

118. M. rectvt in- 

teTHug minor (Ecker), 

{Figs. 80, «l r.i"). . 

Dngia, poat-iliduo-tilnal 

Buperfioiel, D. 151. — 

Eeiikar,,/Iaj'or tibiat 

magntu. — KIsId, (*• 

chio-iibialu. 

Situated entirely on 
the inner surface of 
the thigh, this narrow 
mutic-le arises by a 
tendinous band which 
runs the whole length 
o£ the pubic symphy- 
sis, and is connected 
posteriorly with the 
tphineter a»i, anterior- 
ly with the reetu* 
alidominu ; posterioriy 
it passes into a diin 
tendon n-hirb is alao 
connected with the 
muscle jtist described 
(117). Irf its conTie= 
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this moBcle is attached to the akin by Gtraods of vessels and con- 
nective tissue. 

The vastus intemus major and minor together undoubtedly 
correspond with rectus intemus or gracilis of human anatomy. 
The rectus intcmuB major is, however, regarded as correBponding 
with the adductor magnus by Dug^s, and with the semimembia- 
nosus by Klein ; by considering the position and attachments of 
these muscles one must arrive at a different conclusion. 

SfJtt. aMuctorei fewori*. 

119, fa] M. adductw loHgu«(F\^. 
Uaif). 

Dngd«, toiu-ilio-r^morkl, u. 141. 
Without further dissection this 
muscle is only partially visible be- 
tween the w. iarforiiig and vastut 
infernut (Fig. 81 ad'). The muscle 
is flat and long, and arises by a 
tendon from the anterior inferior 
angle of the pubic symphysis (Fig, 
42 «), partially covered by the 
origin of the gartorius. Thence the 
muscle passes between the va»lit» 
inlemiu and the addvetor magn«it, 
and finally is inserted below the 
middle of the femur, together with 
the latter muscle. 

lao. [b] M. adductor magnwi 
(Pigs. 81, 82 ad'"). 

Dti«d«^ toni-iKUo-pabi-ftiiiorkl (kd- 
dnctoT 1 uid )), D. 143, 143. — 
Klain, adiacfor magiau and ei- 
te»tor ftmorit prof 11 ndia. 

This muscle is visible between the 
gartorin* and rectus intemu* major 
in the anterior half of the thigh, 
posteriorly it is covered by these ^' « il^toriil'' "^ "" 
mnscles. .It arises by a tendon '' ^ Ti^m^imd^ 
from (a) the pubic symphysis and 
iteiii, and is in this position divided into two portions, between 
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which passeti the tendon of one head of the tn. Kmiteitdinoiu* (Fi^. 
83 »t") ; {b) a second part arises from this same tendon (Fi^. 83 *f") 
and joins with the first part. Thus formed the muscle passes to be 
inserted into the distal half of the inner snrface of the femur as 
far as the condyle. Near \ta hinder extremity, however, it passes 
on to the dorsal and outer surfaces, and thus forms a kind of 
muscular sheath surrounding the distal portion of the bone. 

121. [o] M. adflvctoT bretU (Figs. 81, 83 ail"), 
and 

123. [d] M. jteelineut (Fig. S^pe). 

Dngda, ■ouB-pnblo-fcDiontl (uulo^e of the prclineia, pOMibly of tba 
add, brevii bIbo). 
These two small muscles which lie under cover of the tartoritu, addvc- 
longu* and tnagnv*, 



Pig. 83. 




appear externally as one 
muscle, but may easily be 
separated {Fig. 83). They 
arise close together from 
the pubic symphysis, and 
are inserted into the 
inner surface of the an- 
terior Iialf of the femur. 
They are not attached to 
the atl4vctor magnut. 

123. M. »emitendino*n» 
{Fig. 83 It, »t', »f'). 

Dusi>, Ini ■ inhSo - tilHkl, 
Q. 153. — Banker, li- 

This is a long thin mus- 
cle, only visible after re- 
moval of the «t. reeiiu 
internv9, by which it is en- 
tirely covered. It arises 
by two long thin tendcois, 
one [caput potlicum, rf*) 
from the pubic symphysis, 
the other [cajmt antieuM, 
it") from the hollow be- 
tween the symphysis and 
the aoetabnlum. Thelatter 
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paases through a elit in the addaefor nagnus, and so affords this 
muscle another point of origin/ dfen backwards between the 
adductor magniui and the rectut intemUf in/tjor and under the lower 
third of the thigh, and unites with the jfoslt^or head of origfn. The 
muscle 80 formed passes into a thin tendon, and; together with that 
of the Mftoriut, forms an aponeurotic arch, connect^} v,4th the fascia 
of the 1^, under which the tendons of the recitu internut major and 
minor pass. 

(C.) Deep muscles of the thigh. 

To these, in addition to the adductor breei», peclmeut, and the .' 
portion of the 6ire/i» already described, belong also the following : 



124. M. Uio-jaoat (Figs. 82, "83, 84 i». 



at). — Cuvier, Zenker, 



The fibres of this muscle take a bTx>ad origin from the pelvic 
Burfoce of the ilium, pass outwards over the lower margin of the 




r M. addiicrtor bnviL 




and form a flat muscle with its apex pointed posteriorly. It 
the hip-joint between the m. rectut and vattut inlemua, 
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covering the hinder part of th^»»^ glutaeus, and is inserted into the 
outer surface of the middl^ thiird'of the femur. 

125. M, quadratus^ffyn^ru (Fig. 84 qf). 

Dugds, post-)ii<>*fi^tiioral (Homologue of the glaiaeva mcunmus), n. 197. — 
ZenJ^^/^ltUaeus minor, p. 42. 

This muscle la'vf* a somewhat elongated, triangular shape, and 
arises, under ooVer of the piriformis, from the ilium behind the ace- 
tabul,uin;**it passes backwards over the joint to be inserted into the 
iT)i|6c*Xnd under surfaces of the femur, between the piriformis and 
iliO'p'soas ; below, it is in direct relation with the addud'Or brevis. 

126. M. ohfuratorim (Figs. 84, 85 og), 

Dugds, ischio-pubi-f^moral, n. 1 39 (?). — Zenker, m. capaularit femorU. 

This small muscle is deeply situated upon the hip-joint, and 
covered by all the other muscles that arise from the symphysis. Its 
origin from the innominate bone extends from the superior posterior 
angle of the spnph, ossis ilii to about the middle of the pubic sym- 
physis; the muscle fills the space between the crest of the sym- 
physis and the acetabulum. The fibres converge to pass into a 
strong tendon, which is inserted into the posterior and anterior 
surfaces of the head of the femur. The muscle appears to represent 
collectively the small rotators of human anatomy, m, obturator ex- 
tern us and inter Hiia and the gemelli, 

II. Muscles oy the Leg. 

General description. 

On the outer surface (the anterior of man), covered by the/fl*cia 
cruris, into which the tendon of the eu'tensor communis cruris or 
triceps is prolonged, are found the following muscles : nearest to the 
bone, the m. extensor cruris brevis {ec); externally, the m, tibialis 
anticus (ta) and the m, peroneus (pe). On the inner surface (the 
hinder of man) lie the gastrocnemius (gc) and tibialis posticus (tp), and 
deeply the fli^xor tarsi sup, {ft), 

127. 31, gastrocnemius (Figs, 80, 81, 86). 

Dugds, bi-f^moro-plantaire, n. 159. 

This important muscle arises by two tendinous heads. The one 
(Fig. 86 g^) rather nearer the middle line of the popliteal space, is 
by far the stronger : it arises by a broad, tendinous expansion, 
which covers the knee-joint, and is attached to the femur and the 
tibio-fibuhi by anterior and posterior bands respectively ; it ends 
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Fig. 86. 



internally in a concave aponeurotic arch : the aecond head is a thin, 
tendinous slip, arising from the common tendon of the tricep* as 
this lies on the knee-joint. The muscle is thickest near its origin, 
and then gradually diminishes in size as it passes backwards ; the 
superficial surface is convex, the deep surface is flat. By tracing the 
tendons of origin, they are seen soon to unite and form a c 
flat tendinous sur&ce, broad in front, 
contracted behind; this aponeurosis 
lies in a plane running obliquely 
from the deep surface towards the 
superficial surface, without, how- 
ever, reaching this. The muscular 
fibres arise from both surfaces of the 
aponeurosis, the fibres of the two 
sides divei^ng slightly aa they pass 
backwards so as to be inclined at a 
small angle to each other. The 
fibres are inserted into a fibrous ex- 
pansion [Ap) which lies on the su- 
perficial surface of the muscle ; thin 
and slight in front, this aponeurosis 
rapidly thickens posteriorly until it 
passes into the lendo AchillU. 

128. M. tibialit potlicua (Fig. 
v'.86 t.jt.). 

DnsAi, cmTO-utnigalien, d. i6o. 
Covered by the gattroenemius this 
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muscle occupies the whole of the inner and upper sur&ces of the 
tibio-fibula, from which it arises by numerous fibres. Opposite the 
hinder extremity of the bone the muscle becomes free and passes 
somewhat abruptly into a tendon, which courses behind and over the 
malleoli infemns, on to the dorsum of the foot, and is here inserted 
into the anterior extremity of the (uttragalus, I cannot agpnee with 
Duges that this muscle corresponds with the nolem (Ecker). 

120. J/, exiemor cruris brevis (Fig. 87 ec), 

Dugds, pr^femoro-tibial, n. 154. 

Covered by the strong fascia cruris , and lying between the iw. fi- 
bialis anticiis and the tibio-fibula, this muscle arises by a long tendon 
from the inner condyle of the femur ; it passes backwards in the 
groove on the anterior extremity of the tibio-fibula, covered by the 
tendon of the triceps femoris, and is then inserted by muscular 
fibres into the outer surface of the tibio-fibula almost as 'far as the 
posterior third of the bone. (Dugfes regards this muscle as the 
upi)er, i. e. anterior, jwrtion of the iibialis auficus.) 

130. 31. tibialis antic us (Figs. 80, 81, 87 ta), 

Dugds, pr^-f^moro-astragalien and pr^-f^moro-calcanien, n. 156 and 157 ; 
the former he regards as one part of the tib, anticus, the latter 
as the peroneus longus I. — Zenker, tih. ant. hicepn. 

The tendon of origin of this muscle is attached to the femur near 
the tendon of the m. extensor cruris brevis, and to the joint-ligaments. 
The muscle is plai'cd under the fascia cruris, its long tendon of 
origin pacsing beneath the tendon of the tri<:ej)s in a special sheath 
through the joint ; the tendon then gains a muscrular belly which 
bifurcates at about the middle of the leg, forming two muscular 
masses, coursing along the outer and the inner side of the leg re- 
spectively. The latter is inserted into the dorsal surface of the astra- 
galus by a tendon, and the former into the dorsal surface of the 
cakaneus in a similar manner. The muscle extends the foot and 
, flexes the tarsus : the latter movement is ver v distinct on account of 
the insertion of the muscle being so near the hi/}iOiii<>chUon, 

131. ^I. flexor tarsi anterior (Ecker), (Fig. 87 //). 

Dugds, ex-tibio-astragalien, n. 155. — Zenker, tibialis uuticus timpleje. 

This muscle arises where the insertion of the extensor cruris brev 
ceases, from the middle of the under surface of the tibio-fibula, and 
passes ba<^'kwar(ls between the two tendons of the w, tibialis anticus 
along the outer side of this musi'le, to be inserted by a tendon 
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into the iimer side of tlie anterior 
artiGular extremity of the mtra- 
palvs and Ha^faida dortalit pedi». 

132. M. peroneui (Pigs. %ojie, 

Dng^, g^io-p^ronfo-cftltmnUu, 
n. .56. 
This is a strong muscle which is 
attached by a long tendon of origin 
to the hinder extremity of the 
femur and the ligaments of the 
knee-joint. The tendon runs in a 
sheath through the joint 'and pos- 
teriorly becomes muscular; the 
muscle p^tssee downwards on the 
outer side of the tibio-fibula to be 
inserted into the malleolus exlernut 
of this bone and into the anterior 
extremity of the ca/catieu*. It has 
an action similar to that of the 
m. tibialit aniieim. 

III. MUSCLKS OF THE FoOT. 

A. ilfsTLBs OK THE Plaktar Svsfack. 
183. Ajioneurotiit plantar U 
(Fig. 88 A.p.). 

As already mentioned, the ten- 
don of the tn. iftutrocnemiut is, at 
the heel, continued into a strong 
aponeurosis, and possesses at this 
place a thickening *. The aponeu- 
rosis is of triangular form, the 
base directed towards the toes and 
attached to these. The lat«ral 
borders of .this triangle are con- 
tinued into weaker fateiae, which 
arc attached to the two long tarsal 
bones. The inner border in par- 
ticular gives a strong bundle of 

' Letunann, Ueber den Knnrpel in d 
I'. Zrml. XIV, p. log. (See tiro litenti 




AchilleMehene des Fmiclien, i!eit«ch«. f. 
on oartilage, Sect. TTI.; 
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Fig. 88. 



fibres to the astragalus, »ad is thus connected with the fascia of the 
dorsum of the foot; externally this aponeurosis is attached to a 
cartilage (Dug&s, os sesamoVde, t. c, u. 66), situated on the plantar 
sur&ce of the joint between the calcaneus and the o» metatarti IV. 
IS4. ligatnenlum ea/canei (Ecker), (Figs. 88, 89 l.c.). 
If the fcnJo Achilli* be divided and the aponeuroti* plautari* 
reflected towards tKe toes, there is 
seen, arising from the posterior head 
of the tibio- fibula, in its whole 
breadth, a ligament (between the 
lib. potticus and peroneut). This 
ligament forms a firm surface on 
which the thickened portion of the 
tendo AchUlis may move, and which 
evidently represents the tuberosity 
of the heel bone. I have there- 
fore named the entire structure the 
ligatnenliim cahanei. 

Several muscles arise from this 
ligament, viz. : — 

138. M. extensor tarsi (Klein), 
Figs. 88, 89 e.i.). 

Dngda, tibio-aoni'WtngklieD (regarded 

bj him M the homologne of the 

libialit poiticut). 

Covered by the two succeeding 

muscles, this muscle arises from the 




rocnemlni, di 



III, IV, V Iohku. 
1 KDd II kinguB. 

•tiit the righL 



Thlckenioi! c 
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ligamettium calcanei, runs backwards, and ie inserted into the vhole 
lengtli of the plantar surface of the adragaliu. It extends the foot. 

136. M. plantarig (Figs. 88, 89 p). 
This takes its origin from the li^mentum calcanei to the inner side 
and below the last muscle. It passes backwards and is inserted 
into the dorsal snr^e of the aponeuroait plaiitaria. 



digitorum III, IV, F loKgua (Ecker), Figs. 88, 



187. M. pi 

89 F.I.). 

Doaii, p^roD^o-Kini-phAluigettien {Jltxi 
This muscle also arises 
from the ligamenium cal- 
canei to the outer side of 
the m. planlari». It runs 
backwards over the apo- 
neuTonig plantarit, and at 
the free margin of this 
passes somewhat sud- 
denly into a strong ten- 
don, which traverses an 
aponeurotic canal, formed 
by fibres of the aponeu- 
rosis passing above and 
below the tendon, from 



A.p, AiiiiDiniradt plubuli, dlrldsd. 



ordlgltonini I. Illniigu. 
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the cartilaginous enlargement in the tendon to the median border 
of the aponeurosis. The tendon forms three slips for the fifth, 
fourth, and third toes : these are slightly attached to the aponeurosis, 
but reach beyond its free border to be inserted into the terminal 
phalanges of the toes mentioned, and are held down by fibrous 
bands. (The small m, Inmbricales arising from these tendons are de- 
scribed below.) 

138. M. flexor digitorum /, // l(mgu9 (Ecker), (Figs. 88, 89 F/,), 

The tendons, by means of which the terminal phalanges of the 
first and second toes are flexed, arise directly from the posterior 
border of the aponeurosis. 

139, 140. MM, transvern plantae (Ecker), (Fig. 89 t.p.^ t.p\). 

The movements of the aponeurosis and through it the move- 
ments of the tendons attached to it are influenced not only by 
the m. gastrocnemius and yj/fl«^«m, but also by two other muscles, 
which together have been described as \h&fl;exor dig, longus intemus 
(Klein), or as the tarso-sous-phalangettien (Dugfes, 221). 

a. M. frafisverstcs plantae posterior {t,p.). 

This takes its origin from the plantar cartilage, widens as it 
courses backwards and inwards to be inserted into the dorsal 
surface of the aponeurosis plantaris; from this the tendons for 
the first and second toes (flexor dig, longus /and //) arise, thus there 
is no direct connection between the muscular fibres of the two 
muscles. 

b. M, transversus plantae anterior [t,//,). 

This muscle is covered by the last ; broader anteriorly, it arises 
from the calcaneiun, and is inserted to the inner side of the last 
muscle into the dorsal surface of the aponeurosis. This muscle, 
like that just described, is not continued directly into the tendon 
of the flexor of the toes, they cannot therefore be r^^rded as 
flexors of the toes. 

141 to 149. Musculi Imnbricales (Fig. 89 /.1-5). 
(A.) From the posterior border of the aponeurosis plantaris arise : -- 
(1) M, lumbricalis digiti I (l,i), 

Dugds, teudini-Bous-phalangien de pouce, u. 185. 

This is inserted into the anterior extremity of the proximal 
phalanx. 
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(2) M. lumbricalU digiti 11(1.2). 

Dngte, iendini-ioiiB-pluJ. da I doigt, n. i86 (and 187), double according 
to Dug^. 

Similarly inserted. 

(3 and 4) MM. lumbricales digiii III {l.^). 

Dugds, tendini-BouB-phal. da III doigt, n. 188, single according to 
Dag^B. 

One of these {l^) is inserted into the anterior extremity of the 
basal phalanx^ the other (lo^') into a corresponding position on the 
middle phalanx. 

(5) M. lumbricalis digiti IF. 

Dugds, tendini-BOUB-phal. du IV doigt. 

Inserted into the anterior extremity of the basal phalanx. 

(B.) Arising from the tendons of the flejcar longus Illy IV ^ F: 
(e and 7) MM. lumbricales digiti IF {/,4\ and l.4^\). 

Dugds, tendini-sooB-phalanginien da lY doigt, n. aoi, 202. 

The first (1.4^) is inserted into the posterior end of the basal pha- 
lanx^ the second (/.4") in a similar position into the second phalanx. 

(8) M. lumbricalis digiti F {I.5.). 

Dugds, tendini-souB-phalangien du Y doigt, n. 203. 

This arises from the tendon for the fifth toe, runs backwards as a 
thin tendon alongside that of the flexor, and is inserted into the 
middle phalanx. 

Special Miuicles of tie Separate Toea, 
(I.) Muscles of the rudimentary great toe. 

150. M. abductor /tailurU (Figs. 88 a.A,, 90). 

Dogds, tibio-BouB-tarsien, n. 163. 

This muscle arises from the inner border of the aponeurosis plan- 
taris, at the spot where the m. plantaris is inserted, it may therefore 
almost be regarded as a continuation of this muscle ; it is inserted 
into the anterior border of the rudimentary toe. 

(II.) Muscles of the great and first toes. 

151. M. adductor longus digiti /(Figs. 89, 90 ad.li). 

Dnisds, calcan^o-Bcaphoidien, n. 164. 

This powerful muscle arises from the plantar surface of the cal- 
caneum and astragalus ; its fibres converge towards a tendon lying in 
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its middle^ which becomes free towards its posterior . end ; the 
tendon passing inwards under the ligamentum tarsi transversum 
through a groove on the hinder extremity of the astragalus in an 
arched direction, to he inserted into the os naviculare, which bears 
the rudimentary great toe and the os metatarsi 1. 

(III.) Muscles of the first toe. 

162. 31. abductor longus digiti I (Figs. 88 a/.i, 90 a.b.i). 

It takes its origin from the inner border of the aponeurosis plan- 
f'aris, and lies on the plantar surface of the abductor Aallucis. Its 
tendon nms in the hollow which the great toe forms, and is in- 
serted into the inner side of the os metatarsi L 

153. M. flexor brevis digiti I (Fig. 90 F,b,i). 

A small, thin muscle, which arises from the anterior extremity 
of the OS metatarsi 11, and is inserted into the basal phalanx of the 
first toe. In this small muscle, and also in the m, lumbricaL dig, V 
(Fig. 89 /.5.), the nerve distribution may be very well seen. 

154. M. opponens dig, I (Fig. 90 op), 

Dugds, BouB-metatarso-pliaUngien du pouce, n. 19a. 

This is situated to the inner side of the preceding muscle, arises 
from the os metatarsi II somewhat narrow, widens in a &n-like 
manner towards the os metatarsi /, into the anterior half of which it 
is inserted. 

(IV.) Muscles of the second toe. 

155. M, flexor metatarsi dig, II (Fig. 90 F,m,2), 

Dugds, souB-tarso-metatarBien du II doigt — Klein, extensor metatarri. 

By a narrow origin from the hinder end of the calcaneum, poste- 
riorly this muscle becomes broader and is inserted, somewhat thinned 
out, into the plantar surface of the second os metatarsi. 

156. M, flexor dig. II proprius (Fig. 90 F,p,2). 

Dugds, Bons-metatarso-phalaiigien, n. 194. 

It arises from the plantar surface of the os metatarsi i/, and is 
inserted by a thin tendon into the plantar surface of the first 
phalanx. 

Dug^ describes this and the analogous muscles of the third, 
fourth, and fifth toes {F,p,^, 4, 5) as the interossei plantareSj a no- 
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moiclature which, to me, does not appear correct, as these mUEcles 
lie entirely on the plantar surface, and do not addiict or abduct the 
toe§, but flex them. 



(V.) Muscles of the third toe. 
167- M.jUie. metatar«i dig. 
IfI(Ecker), {Yig. 90 F.m.3). 
Dngia, mui-c^ouieo-m^tatai^ 
■ien da III doljft, u. 174-— 
n«lii, ejfimior melalarri. 
Like the corresponding 
muscle of the Becond toe 
(n. 155), this arises by a small 
tendon from the hinder ex- 
tremity of the calcaneum, runs 
backwards and is inserted into 
the plantar surface of the o* 
me/atargi III. The greatest 
portion of the muscle lies be- 
neath the m. (raatverius meia- 
(arsi (im), the most anterior 
portion, however, lies above 
this. Dug^ has described 
this latter portion as a special 
muscle (n. 176, metatarso- 
m^tatarsien du III), the same 
description holds good for the 
second toe (n. 1 77, Dug^). 

188. M. JUxor dig. Ill 
Two^W (Ecker), (Fig. 91 Fp^). 
Sn^ia, loiii-mdtktuno-phaUii- 
gien da III doigt, n. 195. 

Like the corresponding 
muscle of the second toe, 
this arises from the plantar 
sur£ace of the o» metatarn III, 
and is inserted by a thin tendon 
into the plantar surface of the 
anterior extremity of the first 
phalanx. 




at.i H. ibdiustwkiD«iuill«iUL 

abi K. abdmitur d[gltl V. 

adj., H. adductor k.n«iu diflU I. 

a.h.' M. ibductor baUucii. 

FJ>.z U. flu.ir bnvli dldU I. 

r.m.t, J. 4 H. Aai»» msutanl n. Ill, IV. 

J'.r-a. 1. 4. S MM. fl«or. proprii dl«ll. i, j. 4, 

J-^.j. 4, 4'. s MM. aaior. |ih>lui(. dlftL j, 4. 

gp M. oppoiMU diglU L 
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s propriut digitt 111 (Ecker), {Pig- 91 



IB9, M. flexor phalangm 

r.ph.3). 

"DXKgia, phalango-plutlaiigieii, n. 304. 
This arises by tendon from the plantar eurface of the basal 
p. . phalanx, and is inserted into 

the anterior extremity of the 
t«rminal phalanx. 

(VI.) Mnscles of the fourth 
toe. 

160. M. flexor metatarti 
,fiff. IF (Fig. gi F.m.4). 

n- 175. 
Similarly to the correspond- 
ing muscle of the third toe, 
this one srisee from the 
hinder extremity of the calca- 
neum, and ie inserted into the 
anterior portion of the plantar 
Burfaee of the os wetai^rti If, 
but not into the greater portion 
of this surface, as in the second 
and thinl os tnelalargi. 

161. M. flexor dig. IF 
propriwi (Fig. 91 Fpi^). 

Dugia, Boui'Di^totano-pbftlu- 
gien du IV doigt (infaroonu 
planlarii), D. 196. 

The origin and insertion are 
similar to those of the muacles 
of the set^ond and third toes. 




•it pLanUr lUTfacn of foot of } 
M. ibdiicMr longiu difitl L 

M. blduutor Jnnga> dJgiti [- 



op H. appuneni digld I. 



>Uni II. Ill, ir, 
imprU digit 1,1. 4, 
T. pkklAD^ difiL 3. 4 



162. M. flexor brerU dig. 

ir. 

A small muscle, which arises 
with the m. flexor brevis of the 
Jifth toe, from enlar^ment of 
apoaeiiro»i» plantari», and is in- 
serted into the basal phalanx 
of the fourth toe. 
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163. M, Jlewar pkalangum proprius dig. IT anterior (Fig. 91, 

Dug^s, phalango-phiilaiigimen, n. 205. 

It resembles the corresponding muscle of the third toe. 

164. M, flexor phalangum proprius posterior {Fig. 91 Fph.^). 

Dugds, phalangino-phalangettien, n. 209. 

This extends from the plantar surface of the second phalanx to 
the anterior extremity of the third. 

(VII.) Muscles of the small toe. 

165. M, abductor dig. F(Fig. 91 fl.i.5). 

Dugds, calcaneo-ex-m^tataraien du digitule, n. 169. 

This muscle arises from the hinder extremity of the calcaneum, 
and is inserted into the outer surfiice of the fifth metatarsal. 

166. M, adductor dig. T (Fig. 89 a.rf.5). 

Dugds, iou8-tar8o-in-phalangien, n. 191. 

This arises from the cartilage of the plantar aponeurosis, and is 
inserted into the hinder end of the fifth metatarsal. 

167. M. flexor brevis dig. V (Fig. 89 F.^). 

Dugds, sous-tarso-ex-phalangien, n. 190. 

Arising from the same place as the preceding, it extends to the 
basal phalanx. 

168. M. flexor dig. F, proprius {Fig. 91 F.p.5). 

(Analogues of Moscles, n. 156, 158, 161 ; see note at n. 156). — Dng^s, 
sous-m^tatarso-phalangien, n. 197 {i^interogs. plant.). 

This muscle arises from the plantar and inner surfaces of the fifth 
metatarsal, and is inserted into the basal phalanx. 

169. 31 .flexor pkalangnm proprius {Fig. 91 F.ph.^). 

Dugds, phalango-phalanginien, n. 206. 

Its origin and insertion are as in the corresponding muscles of the 
second, third, and fourth toes, n. 159, 163, 164, 169. 

170 to 172. MM. interossei (Fig. 91 t.m.). 

Dugds, I, a, and 3, interm^tatarBien, n. 170, 171, 17a. 

These are three muscles with their fibres arranged transversely, 
which occupy the anterior portion of the spaces between the 

I 
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metatarsals, and approximate these. The first arkies {tm') from the 
edge of the plantar surface of the first metatarsal^ and is inserted 
into the corresponding part of the second : the second (^w") passes 
from this point to the third, and the third (^w"') to the fifth. 

B. Muscles of the Dorsal Surface. 

173. M. flexor tarsi jaosterior (Ecker), (Fig. 9 a F.t.). 

Dug^, p^ron^o-suB-astragal, n. 161. 

This is a strong muscle, which has a narrow origin from the 
outer side of the tibio-fibula, directly over the distal extremity, and 
is inserted into the dorsal surface of the astragalus from the middle 
to the distal extremity. 

Muscles of the first toe. 

174. M, extensor longus dig, /(Fig. 92 e.Li). 

Dugds, calcaneo-sus-m^tatarsien da pouce, n. 166. 

This lies to the outer side of and near the foregoing muscle ; it 
arises by a long, strong head from the middle of the calcaneum, runs 
obliquely backwards and inwards to unite with a small head which 
arises from the common epiphysis of the astragalus and calcaneum, 
in common with the ;;/. extensor dig. IL The muscle so formed 
passes into a flat tendon to be inserted into the basal phalanx of 
the first toe. 

176. M. extensor hrevis dig. /(Fig. 92 e.b.i), 

A small, short muscle which arises from the os navicular^ and is 
inserted into the dorsal surface of the first metatarsal. 

176. M, abductor Irevis dig. /(Fig. 92 a.l.i). 

Dugds, ex-tareo-m^tatarsien da pouce, n. 168. 

This small muscle is situated near the preceding ; it arises from 
the first bone of the supplemental toe, and is inserted into the inner 
side of the first metatarsal. 

Muscles of the second toe. 

177. M. extensor dig. II longus (Fig. 92 e.l.i). 

Dug^. calcan^o-sug-phalangien da II doigt, n. 182. 

This arises from the calcaneum, in common with the m, extensor 
longus of the third toe, and is inserted into the basal phalanx of the 
second toe by a tendon. 
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178. M, extentor 
dig. II brevu (Fig, 92 

^.A.2). 

Dngia, aitngalo-ioi- 
pludangien du II, 
n. 183. 

This is partly covered 
by the preceding muscle : 
it arises from the astra- 
galus, and unites with 
the tendon of the pre- 
ceding muscle. 

Muscles of the third 
toe. 

179. M. extentor 
ilig. Ill hngvt (Fig. 93 

'J-ii- 

Dns^, ana-utTagRlo- 
phklkDgien da me- 
dial, n. 199. 
This arises with the 
exieniOT longu* of the 
second toe from the 
calcaneum : its tendon 
unites with that of the 
following muscle. 

180. M. extenxor 
ilig. Ill irevi* (Fig. 93 
,.«.3). 

Dtvta, aitragalo-ini- 
pbalangleii da m^ 

This muscle arises 
from the astragalus, 
and is inserted with the 
t«ndon of the preceding 
miiBC'Ie into the dorsal 
surface of the Itasal pha- 
lanx. 
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Muscles of the fourth toe. 

181. M. exteiufor longus dig. IF (Fig. 93 e.l.4). 

Dug^, p^roneo-sus-phalangien du IV, n. 178. 

A narrow muscle arising in common with the flexor tarsi inf., 
but external to it. It is inserted into the tendinous expansion on 
the dorsimi of the toe. 

182. MM. extetisores dig. IV breves (Fig. 93 e.b.4 and e.b.4^). 

Dugte, calcan^o-BUS-phaJaiigieii and saB-calcan^o-phalanginien, n. 179 
and 198. 

These two small muscles arise from the calcaneum : one is in- 
serted into the basal phalanx^ the other, by means of a long 
thin tendon, passes along with the tendon of the corresponding 
m. interosseus to the second phalanx, to which it is attached. 

Muscles of the fifth toe. 

183. M. extensor dig. F longus (Fig. 93 e.l.^). 
Dug^, calcan^o-sofi-m^tataraien, n. 165. 

A strong muscle which covers almost the whole length of the 
calcaneum ; it arises from the anterior extremity of this bone, runs 
backwards to the outer side of the dorsum of the foot, and is 
attached to the outer surface of the fifth metatarsal. 

184. M. extensor dig. V brevis (Fig. 93 e,h.^). 

Dugds, calcan^o-8us-phalangien da V, n. 180. 

This is a long thin muscle, which, together with the muscle last 
described, arises from the calcaneum and is inserted into the basal 
phalanx of the fifth toe. 

186. M. abductor dig. F brevis (Fig. 93 i.\d). 

This, the last m. interosseus, arises from the outer side of the 
fifth metatarsal^ and is inserted into the hinder extremity of the 
second phalanx of the same toe. 

186 to 195. MM. interossei dorsahs (Fig. 93 i.\ to t.io). 

First toe. 

(i) The analogue of the first m. interosseus is the m. abdnetor 
brevis dig. I (a.b.i). 

(2) The second m. interosseus {i.2) arises from the outer side of 
the first metatarsal, and is inserted into the outer surface of the 
second phalanx of the same toe, dorsally to the m. opponens and 
flexor brevis dig. I. 
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Second toe. 

(3) The third m. i»- 
lerotneut (i.3)takesorigiD 
from the anterior part 
of the outer surface of 
the first metatarsal hy 
a thin- tendon; it is 
inserted into the inner 
surface of the second 
phaUnx by a similar 
t«ndon. 

(4) The fourth m. in- 
Uroueu» (1.4) arises from 
the outer side of the 
second metatarsal, and 
is inserted into the outer 
surface of the second 
phaknx. 

Third toe. 

(5) The fifth M. ;«- 
teronetu arises from the 
outer surface of the 
second metatarsal, and 
is inserted by a thin 
t«ndon into the inner 
surface of the second 
phalanx of the same 
toe. 

(6) The sixth arises 
from the outer surface 
of the third metatarsal, 
and is inserted laterally 
by a thin tendon into 
the hinder extremity of 
the second phalanx of 
the same toe. 

Fourth toe. 
{7) The seventh m. in- 
ierotteui {1.7) arises by a 
thin tendon from the 
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hinder extremity of the 
aetragalm, and by fleshy 
fibres from the hinder 
extremity of the fourth 
metatarBal ; it is inserted 
by a thin tendon into 
the inner sur&ce of the 
second phalanx of the 
same toe. 

(fj) The eighth m. »- 
teroaeut (1.8) takes it« 
origin from the outer 
surfaee of the fourth 
metatarsal and from the 
inner surface of the fifth : 
it is inserted into the 
hinder extremity of the 
second phalanx. 

Fifth toe. 

(9) The ninth i«. in- 
fero»seif* {1.9) arises from 
the inner surfiace of the 
fifth metatarsal, and is 
inserted into the hinder 
estreraity of the second 
phalanx. 

(10) The tenth M.M- 
tero^etu has already been 
described as the abduclor 
f/iffili V brevi* (Pig- 94 
.-.lo). 

If we take the 
fourth toe as the axis 
of movement, the first, 
third, fifth, seventh, 
eighth, and t«nth tarn. 
inferotfei will abduct 
from an imaginary line 
which runs through this 
toe. The second, fourth, 
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Eixth, and ninth will adduct towards this line. If we compare 
them with those of man (in whose ease the second toe afEoida the 
central line), those of the first ^ro\ip must be regarded as mm. inier- 
oMei dortala, of the latter as planiares. Dug^ holds all these 
iuterottei (with the exception of the first, abductor brevh dig. 1) to 
be mm. tHterostei f^orm/M (m^tatarso-sus-phalangettiens, n. 210, 2ii, 
213, 214, 21,'), 216, 218, 219). Those which I have described at> 
fiexoret jir^mi digitorum, he regards as interoitei volaret. 



V. MUSCLES OF THE SKIN. 

196. M. cutaneua peclorit (Pig. 95 eji). 

Dosia, >bdoiniiu>-gDttural, n. 53. — Klein, kbdamino-cutuieue Zenker, 

■abcntaneua peoturii. 

This is an elongated quadrangular muscle, attached by its binder 
margin to the side of the xiphistemum, and to the superficial 
surface of the aponeurosis of the m. obtiquug exferuat. The fibres 
course forwards and 
eligbtly outwards to be 
inserted, at a very acute 
angle, into the skin : lying 
between the two muscles 
and attached to them on 
either side is a thin fas- 
cia, which, together with 
the muscles and the fep- 
tum Ikoracieum, assists in 
closing a triangular space 
between these structures 
and the deeper muscles. 

The thinness and trans- 
parency of this muscle 

render it especially suit- ^"^"^ '^" -' '^'" ""^^ 

able for the investigation ,/■■ r„n. ibdomiiuiii of th* m. pMionUi>. 

of nerve-terminations '. 

197. M. cutaneui dorsi (Fig. 96 cd). 

Dugis, pubio-dona-cuUn^, n. {S.^Zenker, ctilaiiBiu iliacut. 

This muscle has a narrow origin in the space between the muscles 

' KiiUiker, Hikrotk. Anatoinie, 1S66, vol, II. i. p. 147 ; Beicfaert, HQller'* AicIut, 

1851, p. ag, PI, I ; Kolliker, UDtenoohiiDgen iiber die letzton Endigungao derN«Tven 

in den Hmkeln dai Froicheii Leipzig, Gngelnuuin, i8(i]. 
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of the belly and of the thigh, and is here inserted into the fasciae, 
which are attached to the pubic Bymphysis ; it passes inwarde and 
upwards to the outer side of 
Fig. 96. the anterior insertion of the 

m. rectus femoru aniicut, then 
widens and is inserted by di- 
verging fibres into the inner 
surface of the skin of the 
hinder portion of the back. 

IBS. M.coay^eo-cttlanetu. 

Dogi*! ooac7-dano-cutaiift, 

n.S7. 

The muscular fibres which 

Dug^ has described under 

this name, lie covered by the 

m. pyriformis, behind the m. 

eociygeo-iliacns, etc., and above 

the muscles of the rectum. 

They arise from the hinder 

« ILaT^^dtowt^ extremity of the urostyle: 

« M. obiiquu. Mtaraiui. they appear to be connected 

n> m! Hmimsmbnnomu. With the Tectal muBcles, and 

».< M. Tutiu uteniiu. p^g outwards to be attached 

to the skin. 

Among the cutaneous muscles may perhaps be included the 

in. iubmaxillarit (p. 62). 

The fibrils passing from the flexor tendons to the warty bodies 
on the plantar surface of the toes are described ^ with the stdn 
(P- 373)- 

■ Conipu« Klein, Bdtraga zar Aiutouije der aiigeechwiiiiEten B*tr«abier (tLtem- 
porarM,L.) : JabieabeftedwVeremiifui vaterlandische N&turkunde id WUrttembeiB, 
i8so, p. 7». 
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I. THE CENTRAL NERVOUS SYSTEM. 

(Re-written hy the translator^ 

A. The Spinal Cord (Fig. 97). 

1. External form. The spinal cord is, in comparison with the 
brain, somewhat small; the two organs are directly continuous, 
and present no distinct line of demarcation: the point of origin 
of the first spinal nerve is, therefore, arbitrarily accepted as the 
anterior limit of the spinal cord ; posteriorly it terminates in the 
jilam tertninale. 

The spinal cord is flattened dorso-ventrally, and is constricted 
at a point [pars mediae Reissner) somewhat anterior to its 
middle: in consequence of this constriction the cord has two 
enlargements; an anterior smaller, and a posterior larger {intu- 
mescentiae anterior v. posterior), from which arise the nerves of the 
brachial and lumbar plexuses respectively. At about the sixth 
or seventh vertebra, the hinder enlargement diminishes rather 
abruptly to form the so-called conns }nedullaris ; this is continued 
into the Jilum terminale, which enters the cavity of the urostyle. 
The hinder portion of the lumbar nerves forms a canda equina, 
the constituent nerves of which surround the flum terminate, 

A dorsal longitudinal flssure (sulcus longitudinalis superior) is 
well marked in the middle line of the dorsal surface of the pos- 
terior enlargement ; anteriorly and posteriorly it rapidly fades away, 
its position being merely indicated by a small amount of connective- 
tissue and a blood-vessel. 

The ventral longitudinal flssure (sulcus longitudinalis inferior) is 
well marked throughout the length of the cord. Neither fissure can 
be traced in the hinder part of the conns medullaris or in iiie Jilum 
tertninale. 

Ten pairs of ner\'es arise from the spinal cord, each nerve arising 
by two roots, a ventral and a dorsal (anterior and posterior), from 
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points near the ventral and dorBa.1 longitudinal sinuses respec- 
tively : the two rootg unite at their point of exit from 'the ver- 
tebral canal through 
Fig. 97. tli6 intervertebral for- 

^ amen ; each dorsal root 

possesses a g 
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2. Internal structure. As in other vertebrates^ the spinal cord 
consists of white and grey matter, the latter being surrounded by 
the former ; the relative amoimt of the one to the other varies in 
different parts of the cord. 

A transverse Isection of the cord presents the same general 
characteristics as a similar section from a bird or mammal. The 
grey matter lies in the middle, surrounding the central canal, and is 
prolonged into each half of the section by ventral and dorsal horns 
or cornua. The grey matter is surrounded by the white, but is 
UQt so sharply marked off from this in amphibia as in birds and 
mammals. 

A section through the anterior enlargement is almost quad- 
rangular in outline, and somewhat broader below than above ; the 
ventral longitudinal fissure is well marked and deep, while the 
dorsal is indistinct. The dorsal horns are narrow and short, the 
ventral longer and much broader. The space between the dorsal 
horns is narrow and deep, that between the ventral shallow; the 
outer boundary of the grey matter is almost straight, and the central 
canal is placed above the centre of the section. 

In the constricted portion of the cord (pars media) the relative pro- 
portion of the white matter is increased at the expense of the grey; 
the horns are less distinct, the dorsal being directed outwards and 
the ventral somewhat flattened. The central canal is in the centre 
of the section. 

The posterior enlargement shows the ventral hor[Ls projecting out- 
wards, very much enlarged, and approaching the periphery; the space 
between them is semilunar. The dorsal horns are well developed, 
especially at their upper parts ; the space between them is narrow 
and deep. The outer margin of the grey matter is again nearly a 
straight line. The central canal is below the centre of the section. 

The arrangement of the parts in the conus medullaris approaches 
that in the pars media : the horns are much diminished in size, and 
posteriorly they entirely disappear, the ventral* horns persisting longer 
than the dorsal. The central canal approaches the lower surface. 

No cornua can be recognised in the Jilum terminale behind the 
origin of the last pair of spinal nerves. The grey matter has here 
a circular outliflie, with the exception of a very slight indentation 
below ; the white matter is almost absent : the central canal is on 
the lower border of the section in the anterior part, while posteriorly 
it occupies almost the entire space below the pia mater. 

The Central Canal lies in the median line, and always presents a 
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distinct lumen ; iu the two cnlarrgements this lumen forms a. vertical 
ellipse', while in the pars merlia it is circular. The canal is lined by 
a single layer of ciliated columnar epithelium, the cells of which 
are usually conical, with their baees directed towards the lumen ; but 
other forma may be noticed. These cells averaye about 0*040 mm. 
in length and aljout o'oo2 mm. in width at their broadest part. 
The periplieral extremities of the cells have processes, which, in the 
case of the cells above and below the cord, may often be traced 
as far as the pia wafer ; the processes of the lateral cells are less 
distinct and seem to be shorter. Anteriorly the central canal 
opens into the floor of the fourth ventricle. The termination of 
the central canal, posteriorly, has been described by Mas! us 
and Vanlair. According to these observers, the canal ton-ards the 
hinder end of fbefilum- terminale increases very gradually in width, 
until its epithelial cells are immediately underneath the pia maler, 
its walls then converge somewhat more sharply to close the cavity. 
From the point where the eanal commences to increase in width, 
a change takes place in its epithelial wail, which, instead of having 
a, single layer of cells, now possesses two to three layers; towards 
the posterior end it is again thinned out to a single layer. 

The grey matter varies in different parts of the cord and in dif- 
ferent parts of the same section. In a section through the anterior 
enlargement a portion of the grey matter, placed immetliately above 
the central canal, is easily distinguished by its vertically-placed, 
elliptical outline, and by its transparency : it is known as the «u6- 
liantia reticularu. It consists of a mesh-work of branched cells, 
through which course distinctly contoured fine commisural tibres 
which are derived chiefly from the dorsal cornua, the verfiical 
from the epithelial cells of the roof of the central canal. In a 
series of sections the tHbtf-autia reticulona may be seen to originate 
indistinctly in the most anterior part of the cord ; in the anterior 
enlargement it already possesses the elliptical form mentioned, and 
in the pan media it commences to send off lateral processes to either 
side. In the posterior enlargement it reaches its greatest absolute 
development, as it here surrounds the central canal ; while further 
backwards it encroaches until, together with the remaining grey 
matter, it constitutes almost the whole of the Jiium fermiuale. 

Immediately underneath the central eanal is a narrow band, 
which immediately connects the grey matter of the two sidi 
above it is bounded by the epithelium of the central canal, 
' V. KdlUker tUtei that the lunien 11 everywhere circular. 
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by medullated fibres. This septum medium (Reissner) may be traced 
backwards from the anterior extremity of the cord to the posterior 
enlargement. It consists chiefly of transverse fibres, toother with 
vertical fibres derived from the epithelial cells on the floor of the 
canal, and like the substantia reticulosaj is distinguished by its 
greater transparency from the rest of the grey matter. 

The grey matter consists of connective-tissue and nervous ele- 
ments, which are very intimately imited; each of these elements 
including its special cells and fibres. The nerve-cells vary much in 
size and appearance. A prominent group of large cells in the ven- 
tral comua, the lateral group (Stieda), is very conspicuous. The 
individual cells are seldom rounded, but are usually spindle-shaped 
or angular, and each possesses one to five processes, which may 
often be traced through considerable distances. These cells have an 
average length of 0*040 mm., and are about o*oi6 mm. broad; 
they are somewhat larger in the anterior enlargement than in the 
posterior, and are also more numerous in a section from the anterior 
enlargement than in a section from the posterior. In the terminal 
filament they gradually disappear. Some of their processes are 
continued into the lateral columns (Koppen). 

Smaller, spindle-shaped or triangular cells are scattered irregu- 
larly throughout the grey matter, without forming distinct groups, 
though for descriptive purposes those of the centre have beeu named 
the central group. In a stained, transverse section of the cord are 
seen numerous nuclei; these undoubtedly belong both to small 
nerve-cells and to connective-tissue cells, but except under the most* 
favourable conditions the two are indistinguishable. The larger 
nerve-cells present the usual characters of nerve-cells : more or less 
granular contents, nucleus, well-marked nucleolus, more or less 
marked fibrillation ; their processes are usually more homogeneous. 
The cells are frequently pigmented. 

The processes of the cells belonging to the lateral group radiate 
in all possible directions, but certain well-marked processes directed 
towards the middle line can always be made out. From the lowest 
part of this group a few processes may be traced into the ventral 
roots. The small cells seem to be chiefly arranged vertically, al- 
though their processes radiate in all directions (Stieda). 

The Fibres of the grey substance are nearly all non-medullated. 
They may be traced in all directions, but the best-marked groups 
are either vertical or transverse. The vertical fibres appear to arise 
from the central grey matter, and to ascend in larger or smaller 
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bundles towards the periphery. The transverKe fibres are arrang^l 
chiefly in the two commissures : the dorsal commissure {commtttura 
auperior) is the smaller ; the flbres are parallel, and show no trace 
o£ decussation ; externally they radiate in various directions to the 
dorsal horns. The ventral L^ommissure is composed of two layers, the 
upper grey {vomii'igitjtra hi/ertor gri»ea), the lower wiiite {commugitra 
inferior alba) : both are intermpted by the teptum medium. A well- 
marked decussation of the iibres is seen in the middle line ; the exact 
mode of termination of these fibres has not been made out, but m&ny 
appear to commuaicate with the large ceUs of tlie ventral horns. 

The white matter consists chiefly of longitudinal, medullattid 
fibres, in which various columns may be distinguished. The dorsal 
columns are separated from the lateral by a process of neuroglia, 
continued from the general investment of neuroglia lying under the 
pia mater. The line of separation between the lateral and ventral 
columns is nut well marked ; it is about the line which would bo 
formed by prolonging the ventral horns to the surface. 

The fibres vary in size, and fibres of all sizes may be found 
in any particular part of a transverse section ; still the fibres of the 
ventral columns have an average greater diameter than those of 
the lateral columns, and the fibres of the dorsal columns are liuer 
than those of the lateral. The largest fibres of the ventral column 
are pla^'ed near the ventral fissure and on its lower border; they 
attain their greatest development in the posterior enlargement ; 
these fibres frequently contain two or three axis -cylinders each. 
Ktippen suggests that they may represent Reformatio reticularu of 
higher animals. 

In the lateral coliunns the larger fibres are placed close to the 
grey matter, these columns also receive fibres from the cells o£ the 
lateral group. 

In the dorsal columns the radiating root-fibres never reach the 
median plane, but leave an area of purely longitudinal fibres on each 
side of the dorsal fissure ; these represent GoU'e coliunns, aud Lay& 
a club-shaped outline in transverse section. 

The white matter is pierced in all directions by fine connec 
tissue fibres aud bimdles of fibres which ra<liate from the grey ma-ttefj* 
some branch and join with others to form a network, others pass 
almost uninterruptedly to the periphery. From the connective-tissuu 
cells of thit/>ia mater, processes pass into the white matter and a 
in completing the connective-tissue matrix for the n 

Dorsal roots of the spinal nerves. Each root consists ( 
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single bundle of nerve fibres, which suddenly bends at the periphery 
of the cord in order to descend vertically through the white matter 
towards the dorsal horn; the fibres divide into three sets, one to 
the dorsal commissure, a second to the upper horn itself, and the 
third helps to form the dorsal columns. 

Ventral roots of the spinal nerves. Each ventral root consists 
of three or four delicate threads, which may be traced to the ven- 
tral comua, which they reach after a vertical or very slightly 
oblique course through the white matter. Other fibres arise from 
the ventral columns, but these oblique fibres never extend to the 
median plane. 

Figment is found distributed irregularly through a section from 
any part of the spinal cord ; it is increased in amount in those parts 
in which there is an increased amount of grey matter. The pigmen- 
tation is always found more marked in the lower parts of the 
ventral horns than in other parts. 

B. The Brain (Figs. 98, 102, 103, and 105). 

1. Gtoneral description. From behind forwards, the dorsal 
surface of the brain presents the following parts for examination : 
the medulla oblongata^ the cerebellum^ the optic lobes, the thalamen- 
cephalon, the cerebral hemispheres, and the olfactory lobes. 

The medulla oblongata is a direct continuation of the spinal cord ; it 
is wider anteriorly than posteriorly, and is separated in front from the 
optic lobes by a vertical plate of nervous matter, the cerebellum. The 
optic lobes are two symmetrical ovoid bodies touching each other in 
the median plane, and together forming the widest part of the brain. 
In front of the optic lobes is the thalamencephalon, with a thick 
vascular membrane, the choroid plexus, lying on its upper surface, 
and connected with the pineal gland ; the thalamencephalon extends 
forwards between the posterior ends of the cerebral hemispheres. 
The cerebral hemispheres are two symmetrical ovoid bodies, narrow 
in front, wider and slightly diverging behind : each hemisphere is 
prolonged forwards to form an olfactory lobe. 

The ventral sur&ce has in front the olfactory lobes, then the 
cerebral hemispheres, behind these the lamina terminalis^ the tuber 
cinereum, the optic chiasma, the pituitary body, the crura cerebri, 
and lastly the medulla oblongata, in the order here given. 

The various cranial nerves (Figs. 102 and 103) may be seen to 
arise as follows : — The olfactory nerve (/, F, L.of) arises directly 
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from the anterior end and outer side of the corresponding olfactory 
lobe, and from the cerebral hemisphere. The optic nerve {To and 
II) arises, as the optic tract, from the side of the brain below the 
optic lobe, whence it passes to the chiasma on the under sur&ee of 
the brain. The oculo-motor {III) takes its origin from the ventral 
surface close to the median line and between the crura cerebri. 
The pathetic or trochlear nerve {IF) is attached to the dorsal 
surface between the optic lobes and the cerebellum. The trige- 
minal nerve {F) arises from the side and anterior part of the 
medulla oblongata. The ahducens {VI) arises behind the pituitary 
body close to the median line from the ventral sur&ce of the 
medulla half\^y between the sulcus and the origin of the vafftiM. 
The facial and auditory {VII and VIII) nerves arise from the 
medulla oblongata behind the trigeminal nerve, the facial being 
in front of the auditory nerve. The glossopharyngeal {IX) nerve 
arises, in common with the pneumogastric nerve (Z), behind the 
auditory nerve. 

2. The several parts of the brain. 

a. The medulla oolon'gata (Figs. 98, 102, and 103 Mo) — a. External 
form. The medulla is limited behind by the origin of the first pair 
of spinal nerves, at which point a very faint constriction is sometimes 
found : it extends forwards as far as the cerebellum. It gradually 
widens as it passes forwards until just before it resU^hes its anterior 
limit, wliere it presents a shallow but sharp constriction. The 
dorsal surfl&ce is characterised by the presence of a deep, triangular 
fossa, the fourth ventricle (Fig. 98 8.r\ {t^enlriculus quartns, 
Stieda; ainu^ rhomboid eus g. sinus triangularis, Reissner; fossa 
rhomboulalis) ; the sides of the triangle are, however, not quite 
straight, but are slightly bent outwards just before they converge 
towards the posteriorly-directed apex; the base of the triangle 
is formed by the cerebellum. By careful examination, the ventricle 
is seen to be continued for a short distance under the cerebeUum, 
where it opens into the Sylvian aqueduct. In the floor of the fourth 
ventricle is a well-marked median longitudinal fissure {sulcus cen* 
tralis)y (Fig. 98 S). Into the posterior part of the ventricle opens the 
central canal of the spinal cord. As the fourth ventricle is formed 
by the white matter passing to either side, and the simultaneous 
flattening of the grey matter, the floor of the fourth ventricle is 
comi)osed of grey matter. 

The fourth ventricle is closed in by a highly vascular mem- 
brane, the choroid plexus of the fourth ventricle {plexus eko^ 



THE MEDULLA OBLONGATA. 



143 



Fig. 98. 



roideus veutriculi quarti, Reiesner; velum medullare poitertut). The 
^blood-vesaeis of the plexus will he described tc^ther with the 
other vessels of the brain (p. i6z). They 
are supported by a connective-tissue matrix, 
and the whole covered with flattened epi- 
thelium, which in the fourth ventricle ik 
ciliated and often pigmented. 

The Tsntral anrfaoe of the medulla ob- 
longata (Fig. 1 02 Mo) has a median ventral 
longitudinal fissure, a direct continuation of 
that of the cord ; in the antenor part of the 
mefltiUa t^lmigaia there is aleo to cither side 
of this a lateral fissure, continued on to the 
crvra cerehn ; these fissures correspond to 
the positions of the two rawt pogienoreg of 
the internal carotid arteries ; they are always 
well seen in microscopical sections. The 
meilitl/a olilonffata is so intimately connected ' 
with the 7MM comansguralig (pp. 149, 150) 
that the minute anatomy of the two is best 
described at the same time. 

^. Internal straoture. Examined by 
means of serial bcctions, the vmJulla ohhii- """ 
gala is seen to have, in comparison with the ^^ , 
cord, an increased amount of grey matter; " ' 
this is especially the case in its anterior ))art. 
The floor and inner parts of tfac walls of » , 
the ventricle arc formed of grey matter, in ^ 
which the laigest-sized cells have disap- 
peared, to be replaced by medium-sized u 
cells. Traced from behind, the ventral ^ ^ oj^'^'"'"' 
horns of the cord are seen to increase in JVo ii«iDiu<>bioiicatiL 
size and to be more widely separated until X^t^ !«itrici "" ' 

they form two isolated masses, while the ^ Th^i^i^™'rfi'i!kHi 
dorsal horns f^^radually diminish ; at the 

same time they are footed outn'ards and upwards, until they lie under 
the floor of the ventricle, and soextend to ^e pan peduni-nlari*, 

Grey matter. Tlie sii&iiaafia retiailari* is not present, hut the 
*fplum medium extends forwards as far as the parx pciliinciilarif. 
The central canal extends upwards at the expense of the tissue 
above it, and if> here pear-shaped; nt the same time the dorsal 
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longitudinal fissure deepens until the two meet in the fourth ven- 
tricle; beyond this point one cannot speak of dorsal and ventral 
horns. 

Fig. 99- Small nerve cells are irre- 

gularly distributed through- 
out the whole of the grey 
matter and - cannot be 
grouped; the larger cells, 
on the other hand, are 
arranged in distinct groups 
n which have special relations 
with the nerves arising 
from the part. Occasion- 
ally these groups are not 
so isolated as usual ; in 
this case processes of one 
group can be traced into 
another group (R«issner). 
Of these groups the chief 
are : 

1. The nucleut centralit 
g vmuii'bom. (uppcr inner group, Reiss- 

h Fonith veoiiicie. ^Bt), nucleut meHuUae oblon' 

i NaolvnA ntitnlia. ' t- - i /t^. -i » 

it iKUled nam ol gnj nutUr In vhioh longltiulliui ffatae, btieda (rig. 99 >), IS 

abr« of tfas pneumugutdc nsrre dodm. ^ group of Cclis f OUud to- 

wards the hinder end of the medulla oilonffata, on either side of and 
below the central canal ; the group can be traced under the floor of 
the fourth ventricle to about its middle. The cells are rounded or 
spindle-shaped, the processes directed upwards, downwards, or oat- 
wards ; their average size is 0*040-0048 mm. long by 0'020 mm. 
broad. 

3. The auditory nualeus (nucleut acmticug, Reissner, Stieda), 
(Fig. 100 n) is a large group of cells found in the wall of the 
fourth ventricle opposite the point of origin of the auditory nerve. 
The cells are rounded, pear-shaped, or of spindle form, and inter- 
spersed between the nerve fibres ; these cells have an average 
length of 0'040 mm., and are about half as broad. The fibres 
of the auditory ner^'e radiate from their superficial origin in all 

■ In these diagruns, from Ludvig Stiedii'i StadIenJiberda«ceiitraleNerv«iii7it«m 
der Wirbelthiere, the outlme of the diagram ii magDiSed thirlj Umei, while tha 
detail* axe iDagnifieil eiglity tiiiioe. 
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directions through the grey matter towards these eella, and evidently 
commamcate with them (Fig. loi jn). One small group (Pig. loi r) 
passes to a lower level than the rest, and is r^arded by Stieda as 




AbdooHia f»TT«. 
Andltory diuIhu. 



the true auditory centre. Koppen considere that the auditory nerve 
has a threefold origin ; (i) from small cells on the median sur&ce 
of the auditory area ; (2) from the lai^ cells between the above ; 
(3) from a group of free nuclei OD the dorsal surface of the auditory 



3. The trigeminal nuoleua (nueteut triffemtHiu), {Pig. joi q) 
lies in part beneath the auditory nucleus but extends further 
forwards. It forms a rounded group of cells placed under the outer 
angle of the grey matter. The cells are somewhat crowded together, 
and are chiefly of an elongated spindle-form, with their processes 
directed obliquely downwards and outwards. The fibres of the trige- 
minal nerve separate into two groups ; the upper group is best traced 
in a horizontal section, the fibres curving round to join the longitu- 
dinal fibres continued from the dorsal columns of the cord. The 
fibres of the lower, smaller group pass transva-sely inwards to the 
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trigeminal nucleus. According to Reissner the latter fibres an 
motor, the former seneoiy. I^obably other nerves are connected 
with the hinder part of this group. 

4. The abduoena nuoleus (Fig. 100 0). From its superficial 
orig:in, the fibres of the abdueens nerve may be traced vertically 
upwards to a small, rounded, grey mass; at this point the mass 
ie somewhat isolated, but further forwards it may be traced 
as belon^Dg to the central grey matter ; it containe email spindle 
cells. 




Sllads. (U(giiU«d 





Fonrtb reotrlols. 






1 


Auditurj nndaiu. 






p 


Aodilorr neria. 
0<u>«U<>iiot.udite.7Dgr 


rs. 






Hinder IMrU™ of Irigem 






r 


Du«U.ofBb«.«u1^Kf 


n>m 


Wg,. 



HidlloTj nena. ttvm 



5. The pneomogastric nuoleuB. The pneumogastric, with its 
numerous irregular roots, arises from the side of the raeduUa ob- 
longata. The hindermost fibres can be traced as a small bundle, 
pasBing almost transversely through the white matter to the outer 
margin of the grey matter. The larger portion of the fibres is 
placed in front of these ; part of this seems to be directly con- 
tinuous with the longitudinal fibres of the white matter; a 
second part, however, can be traced from the surface transversely 
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through the white matter to the grey matter. These latter fibres, 
together with those of the group first described, do not arise from 
the grey matter in this part of the 7)iedullu oblongata, but curve 
round and run backwards longitudinally through the grey matter, 
thus forming a rounded bundle of fibres (Fig. 99 k). Between these 
fibres are interspersed small nerve-cells and nuclei which disappear 
as the fibres approach the white matter. The vagus undoubtedly 
receives fibres from the grey matter throughout a long course, 
and again receives a large bundle just before leaving the grey 
matter. The more exact origin of the various fibres has not been 
traced. 

6. The nucleus magnus (Reissner and Stieda) is a very peculiar 
group of cells placed on either side, in the most anterior portion of 
the pars commissuralh, that is, immediately underneath the valvula 
cerebelli. The large cells are arranged in a transverse section in a 
single row so as to enclose a pear-shaped space on either side, which 
has its long axis directed from above, downwards and outwards, the 
narrower end being above. In longitudinal section the line of .cells 
is seen to be open in ffont. The space enclosed by these cells is 
occupied by a granular ground-substance which contains only few 
nuclei. Bellonci is of opinion that these nuclei represent the corpora 
quadrigemina posteriora of higher animals. 

White matter. In the hinder part of the medulla oblongata the 
arrangement of the white matter resembles that of the white 
matter of the spinal cord; further forwards the white matter of 
the dorsal surface commences to pass to either side, and ultimately 
it forms the outer part of the walls of the fourth ventricle. The 
fibres of the white matter of the ventral surface are unchanged in 
direction as they proceed forwards. The fibres of the anterior part 
of the medulla are thinner than those of the posterior portion 
(Stieda), according to Reissner they gradually thin as they pass 
forwards. The fibres are nearly all longitudinal, such transverse 
and oblique fibres as are present being chiefly in connection with 
the various nerve-roots and the commissures. 

The cammiMura superior is naturally lost in consequence of the 
opening of the central canal into the fourth ventricle; the com- 
tnissura inferior is increased in the anterior half and decreased in 
the posterior half of the medullu oblofigata-, in the latter the 
fibres become more and more oblique, and decussate very freely; 
ultimately they seem to be either continued as longitudinal fibres or 
to join the ganglia. 

L 3 
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Near the par^ cmnmusuralis is a transverse arched band of fibres, 
passing from the under surface of one half of the cord over the 
ventral longitudinal fissure through the septum medium to the under 
surface of the opposite half ; part of the fibres are continued up- 
wards along the periphery to the cerebellum, part to the nucleus 
magnus. Vertical, straight, or slightly arched fibres are found in 
the walls of the fourth ventricle. 

A section from the medulla oblongata has a larger amount of 
pigment than a section from the spinal cord, and the anterior portion 
of the medulla oblongata contains more than the posterior portion. 
The pigment is chiefly found in a curved line, placed in the lower 
and outer parts of the grey matter ; the amount present varies in 
different specimens. 

b. The Cerebellum and Valvula cerebelli, 

a. External form. The cerebellum is a thin, semilunar plate, 
which projects between the optic lobes and the fourth ventricle, 
its base covering the most anterior part of the ventricle; the 
posterior surface possesses a very faint median fissure (Reissner). 
The valvula cerebelli ( Felum meduUare anteriiiSj Reissner) is the thin 
lamella which connects the anterior surface of the cerebellum with 
the optic lobes. 

p. Minute structure. By means of longitudii^l, vertical sec- 
tions, the posterior surface of the cerebellum is seen to be covered 
with epithelium ; in the lower part of the surface this is coliunnar 
or conical, above it is flattened : immediately beneath, that is in 
front of this is a finely granular layer, with very closely packed and 
granular nuclei. In front of these is a ^ratum of nerve-fibres 
forming the second layer of the cerebellum. 

Still more anteriorly is the third layer of the cerebellum, an 
irregular double layer of large cells (Purkinje's cells, Denissenko) ; 
the cells have an average length and breadth of 0*040 nmi. and 
0*015 mm. respectively; they are pear-shaped or of spindle-form, 
and possess usually two well-marked processes, one passing into 
the layer behind, the other forwards into the anterior layer to be 
immediately described, while other less distinct processes radiate 
irregularly in all directions. The fourth and most anterior layer 
of the cerebellum is a thick stratum of nerve fibres with numerous 
nuclei (o*oo6 to o*oo8 mm. diameter). The fibres are for the 
most part arranged transversely, but some course in various direc- 
tions. These fibres underlie the flattened epithelium which covers 
the anterior surface of the cerebellum. 
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The fibres of the second layer 
course, for the most part, in an almost 
vertical plane ; they connect the cere- 
bellum with the optic lobes {proceMii* 
eerdielli ad corpora Hffemina) and with 
other paxtfi of the brain. 

The fibres of the fourth layer re- 
ceive numerous long processes from 
the large cells of Purkinje; they form 
a large commissural system, which can ( 
be followed ventrally on each side into 
the part eommita«Tali». A part of the 
fibres ends here in the grey matter, a 
second portion enters the auditory area 
and forms a descending auditory root, 
a third part joins the lateral columns 
(in the medulla oblongata), and more an- 
teriorly some join the ventral columns. 
The descending fibres from the cere- 
belluw, t<^ther with the fihrae arcn- ,, 

atae found in the ventral columns, i 

indicate the presence of a ]iont Ta- Jj^ cirel^'wl^pho™. 
Tolii. The fibres of this ventral com- "* pumtarj b.«ij. 
missure decussate only on its dorsal l.^ origin <<t ni/actncy nans trnm 
surface (Koppen). ^, iJ^lnt^toZ'"*'"" 

The Valvals eerebelli contains a few ro opu" trocL""** 
medullated fibres and the roots of the J"« Tuiwf '='""'""■ 
trochlear nerves; these pass from the , i,,^ ("""'"'• """"'''""■■ 
weduUa obUiHgala into the ralcula m ond.>-^^r iHir>% 
eerebelli, cross in the median line, and '^.'j ^f-ilj^mr" 
then proceed forwards as the troih- ''. ''". ''"' TrigBminBi. imaM. u.d 

, ' ■ndltur/ DOIVH. 

leSU- nerves. IX. X. Xl Ol««n|*Br)ngMl. jmeumo- 

- , , gwttki, JUid tatitBtj BBtim. 

The pigment in the part cotumisuji- 
ralii is arranged in a curved line similar to that found in the we- 
dnlla tMougata, but the line is shortened at either extremity, and 
consequently does not extend into the cerebellum. 

O. The optio lobea and Crura i-e^retri. {Corjmra ffeuiluata and 
Pan peduacalari*, Reissner ; Liilmx ojiliem, Sticda ; Vierhiigel, 
Tiedcmann ; Vierhiigcl (Zwuibiigel) and Peilunculi /-erefiri, Schiess; 
Mesencephalon, Huxley.) 
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. External form (Figs. 98, 102, 103 L.op) 
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The optic lobes 
are two promi- 
nent oToid bodies 
placed immedi- 
ately in front of 
the cerebellum, 
and connected 
with it by the 
ralvvla cereietli ; 
posteriorly they 
touch ?ach other 
in the median 
plane, while an- 
teriorly they di- 
verge and thns 
constitute the 
wHdefit part of 
the brain ; in the 
angle thus formed 
is the thalamenecpbalon. The optic lobes are always more darkly 
pigmented than any other part of the central nervous system. 

The.CrKJw rerebri are two rolumos of white matter, placed beneath 
the optic lobes, and partly hidden by the pituitary gland. At their 
junction with the me<]ulla ohlongai-a, or rather with the par* mm- 
mimura/i*, is a very slight transverse fissure ; at the same point the 
ventral longitudinal fissure is interrupted by an extremely small 
grey tubercle (Stieda), 

0. Internal Btnioture. From the anterior extremity of the 
fourth ventricle a canal, the Sylvian aqueduct [Aquvductut ^vU, 
Her a f^r/io ad quaitiim venf.ricu/i'nr), may be traced forwards under 
the eerehellum, in the median line of this section of the brain. At 
about opposite the middle of the length of the optic lobes the canal 
is dilated and communicates vntii the cavities or ventricles (Fentri- 
culi loii optici, Sticda) enclosed by these; a general cavity is 
formed, whic-h in transverse section has something of the form 
of the letter f. The roof of the cavity is thinner than the floor ; 
this is esjiecially the case in the median plane opposite the superior 
longitudinal Assure between the optic lobes; the floor is thinned 
in the middle line by the descending ]xirtion of the cavity. The 
cavity ot each optic lobe extends both forwards and backwards 
beyond it« [Miint of (■i)minuiiication with the di]Ht<.>d Sylvian aqau- 
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duct, hence in a transverse section taken in front of this point 
(Fig. 104 A') the cavity of either side appears to be isolated ; in 
a hbrizontal and longitudinal section (Fig. T05 Aq) the general 
arrangement of the parts may be well seen. 
The grey matter __ 

X.- a J ^e- I'M' 

IB cnieny arranged 

in a layer so as to 
surround the cavity 
(Fig. 104}, this layer 
being deeper on 
either side of the 
descending portion 
of the cavity than 
elsewhere. For the 
rest the grey matter 
is much interspersed 
among the white 
matter, except at the 
circumference of the 
section, which is en- 
tirelyformed of white 
matter. It contains 
a large number of 
small cells, of which 
the nuclei are alone 
visible ; in the parts t™ 
mentioned where the 
layer is most marked 
thtfse cells are ar- ;' ^X^u--^°'r'L«, 

ranged in oblique " o™io-mDKir mirvB, 

rows, between which , Roof of optic lobo. 

.pass fine bundles of * Ir,S5^'dT°"i^of,h.»vit,, 

medullated fibres 

(Fig. 104, between u and A'). A group of large cells (Fig. 104 ») is 
found on either side of the middle line and under the floor of the cavity ; 
the cells are about 0-032 mm. long, and 0*016 mm. broad; the oculo- 
motor nerve may be traced to this group, which is the ooulo-motor 
uuoleue. A small commissure of decussating fibres connects the 
nuclei of opposite sides (KOppen). 

The substance of the roof of the optic lobes (Fig. 104 ir) is 
armngctl in very dit^tinct layers : above is a layer fn-e from cells ; 
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the fibres of this layer are extremely fine and delicate, and havo 
not been accurately traced ; under this is a nuclear layer ; a second 
layer of fine fibres follows, which is succeeded by a second layer of 
nuclei in a granular matrix, and lastly epithelium (Stieda). (Reissner 
describes three nuclear layers in Bvfo vaTiah'dif:, and this is also the 
case in R. temfioraria, G. H. ; according to Koppen, the number is 
variable.) In the anterior portion of the roof a distinct bundle c£i 
fibres may be made out; externally they bend downwards, and aoc. 
be traced as far as the crura cerebri. 

Fibres corresponding with the commissural and arehed fibres oE 
the medulla oblongata are continued into the hinder portion of the 
crura cerebri, the change from part commUmrafia to 
being very gra<lual. The longitudinal white fibres are much 
creased in number in the crura cerebri, and a portion of them 
be traoed to the nucleiu Diagnus, 

A peculiar irregular group of large cells (Fig. 104 «) is foi 
where the rooE meets the critr^ cerebri; these vary in diameter 
o'oa4 t-o 0-040 mm., and their processes are very indistinct. 

The fibres of the optic tracts arise, according t*> Koppen, from 
two different origins : the one lies on the hindermost part of the 
optic lobe ; from tliis point the fibres curve downwards and forwards 
to form longitudinal fibres ; this root Kiippen names the ventral 
ascending root, it can be traced through the entire length of 
the organ. The second root arieea in the tecliiw opftcum near the 
longitudinal fissure; it is smaller than the foregoing, and has 
been named the dorsal ascending optic root. The fibres of these 
two roots unite anteriorly near the posterior commissure, at which 
point they receive additional fibres (Koppen). Bellonct traces a 
large proportion of the fibres of the optic tract to the Httcletui 
vutgmtg, which pair of nuclei, as already stated, he regards 
posterior pair of corpora quadrii/emlna of higher animals. 

The par» peilnncularig is the continuation of the pars coi 
ralit underneath the optic lobes ; a gelatinous mass lying in 
median plane and containing numerous isolated nuclei {Gangfion 
inierpeduncii/are) divides it into two lateral halves. The longitu- 
dinal fibres are ungronped posteriorly, but arranged in rounded 
strands in the middle, especially dorsally; anteriorly the grouped 
arrangement is lost and the number of fibres diminished. 

The pigment of thifi region has, in a transverse se<^'tion,an outline^ 
which has something the form of a lyre ; commencing on either 
of the median line, and underneath the deejiest portion of thecavfl 
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the Tpigmmt line passes, first, directly outwards ; then suddenly turns 
upwards and elig4itly outwards parallel with the wall of the deeper 
part of the cavity ; it then curves outwards topassbelow the cavity ol 
the optic lobe, where it divides, one portion passing outwards, the other 
between the Sylvian aqueduct and the ventricle of the optic lobe. 

d. The Tlmlam«noepltalon (Huxley), (Lobu* veKtriculi tertii, 
Stieda ; TktUami opliei, Reisener ; Tkidamut optieua ». holm* veairi- 
culi tertii, Statmins ; Cranglien der Haemisphaeren, Cams). 

a. Bxtemal form. From above (Fig. 98 Tko) the thaJamence- 
phalon is eeeo as a lozenge-shaped mass lying in front of the optic 
lobes, and behind and between the diverging posterior ends of the 
cerebral hemispheres ; it is covered by a thick vascular membrane, the 
ohorcdd plexus, through which passes the pedicle of the pineal 
body (Glandula pinealUy On removing the choroid plexus a small 
aperture is seen in the roof of the thalamencephalon, connecting 
the hollow pedicle of the pineal gland with the third ventriote. 
The ventricle appears as a narrow ■ slit in the median line, its 
walls being formed by the optic thalami. By ^''9- >°S' 

pressing aside the cerebral hemispheres the pos- 
terior oommisAiTe (Gommittitra potterit^) may 
be seen lying quite in front and deep in the 
cleft of the ventricle. Immediately behind the 
pedicle of the pineal body is a slight but well- 
marked depression (Fig 98 G), the origin of 
which has not been investigated (Wiedersheim). 

The choroid plexus is continued forwards 
between the cerebral hemispheres (Figs. 98, j^ 1 
J03 Ad) for some distance, and terminates in 
» fins thread of connective-tisBue. 

The under surface of the thalamencephalon 
(Fig. 102) is divided into two parte by the 
optio ohJMm* {do) : the anterior jxirtion 
{Lt) is the lamna termtnalu {SubttaiUia cinerea 
anterior); the posterior (Tv.c) the luier cine- 
mt«. The lamina terminalit is hounded on 
either aide by the cerebral hemispheres. The 
tuber einereum (Figs. 102, 103 Tu.c) is a small 
median swelling immediately behind the optic 
chiasma, and caused by the depression of the a, TUril^Hd*. 
floor of the third ventricle to form the infun- ^'' f,2^|f^,^^" 
dibulnm {Diverticulum infuttdibuU, Reissner). •'•' fraith Tntriuk. 
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The pituitary body (Hypophysi% cerebri) is a flattened sac^ placed 
behind the fuder cinereum and continuous with it by means of the 
infundibulufn. 

/3. Internal structure. The aqueduct of Sylvius, after commu- 
nicating with the ventricles of the optic lobes, again contracts 
(Pig. 105), but still remains somewhat larger than before. In the 
thalamencephalon the Sylvian aqueduct opens into the third 
ventricle, which gradually assumes the form of a vertical slit with 
the walls bulging slightly outwards in their upper parts. The 
thin roof of this ventricle, where complete, contains a bond of 
transverse fibres. The floor is depressed both before and behind 
the part immediately above the optic chiasma, the posterior de- 
pression lying above the fnber cinereum, which here descends 
towards the infundibulH7n : a transverse section through this por- 
tion of the third ventricle has the form of a square standing on 
one angle, the superior angle being produced into the vertical 
slit of the general cavity. The anterior depression is formed 
by the general cavity being prolonged downwards and forwards to 
the lamina terminalis in the form of a narrow and shallow slit. 

The white and grey matter of the thalamencephalon are only so 
far distinct in that the portion immediately surrounding the cavity 
is darker than the rest of the section. In the immediate neighbour- 
hood of the cavity are many small cells and nuclei, which become 
scarcer further from the ventricle ; they are arranged in rows, 
separated by a fibrillated matrix. On either side is a distinct bundle 
of longitudinal fibres, the ^ round bundle ' of Koppen, which come 
from the optic lobes but appear to arise. from either the pars earn- 
missuralis or the medvlla oblongata^ and to receive additional fibres 
from the optic thalami ; they pass forwards to the base of the 
cerebraT hemispheres (Stieda). A second set of longitudinal fibres 
arises in the substance of the tvber cinereum and passes forwards 
t,o the hemispheres (strand of the Tiiber-cinereum and Thalamtm, 
Koppen) ; this band, together with the ^ round bundle,^ form a cru9 
cerebri (Koppen). 

The commissural fibres of the thalamencephalon are : (i) a com- 
miffsitra fransversa ITalleri in the posterior portion of the organ; 
(2) an optic commissure, consisting of fibres arising from the thala- 
mencephalon (thalamencephalic root) and crossing the median line 
to join the optic tract of the opposite side ; (3) a probable com- 
missure between the optic nerves just in front of the chiasma 
ttpfif'onnn ; the existence of the latter is not yet proved beyond 
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doubt ; (4) the large commissure of transverse fibres found in the 
roof of the third ventricle ; whether the fibres decussate or not is 
uncertain (Koppen). 

The fibres of the large commissure of the roof arc, in part, con- 
tinued into the strand of the Ttiber-cinereum above mentioned, and 
thus conducted to the posterior parts of the hemispheres (Koppen). 
A group of fibres (Meynert's band, Koppen) is found in each lateral 
wall of the third ventricle ; they pass from the region of the nucleus 
parvus downwards in a curved course almost parallel with the ex- 
ternal border of the thalamencephalon. 

A distinct group of cells may be noted in this section of the brain, 
an arciform or circular group [Nvcleu^ parvnSy Reissner ; ganglion 
of the habenuJay Koppen) of large spindle cells (average diameter 
o*oi6 mm.), placed under the upper border close to the third ven- 
tricle; the group extends alongside the whole length of the 
ventricle. A second group lying in the middle and posterior parts 
beneath the ventricle, Koppen names the * ventral nucleus ' of the 
thalamencephalon. 

The pigment in the posterior part of the thalamencephalon is 
arranged in a manner similar to that in the optic lobes and crura 
cerebri', anteriorly where the third ventricle is prolonged forwards 
and downwards the arrangement is different ; the pigment lies in 
a curved line above the process of the ventricle, with its concavity 
directed downwards, each end bifurcating, in order that one branch 
may pass upwards, the other downwards. 

The pineal body ^ is a small vesicle placed underneath the skin 
above the fronto-parietal bones ; in the embryo it is connected \dth 
the third ventricle by means of the pedicle * already mentioned ; the 
skin covering the body is always paler than the surrounding skin, and 
the usual cutaneous glands are absent in this part ; the paler spot on 
the head may always be found, but is more distinct in Rana tempo- 
raria than in Rana esculents. The structure on the roof of the third 
ventricle, which is usually known as the pineal body, is nothing more 
than a thickened portion of the choroid plexus, and consists of a 
group of convoluted vessels surrounded by pia maier^ which is de- 
scribed by Wyman as being covered with ciliated epithelium (It. 
pipiem). The true pineal body is a small body with an outer con- 

' Compare Ehlere, Ueber die Zirbel der HaiBsche, Zeit. f. wigs. Zool. 1878, Vo . 
XXX ; and Balfoar, Development of the Elnsmobranch Fishes, chap. ix. 

' Wiedersheim states that the pedicle is hollow, and regards the part formerly 
known 9» the pineal body ap a thickene<l portion of this poilicle. 
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nective-tissui' capsule, derived from thti/jta Mater ; this enclosro N 
irregidar mass of qiitlielial cells; according to de Graaf a twig Q 
the Taiuu« »ujtraiiiaxilluri» reaches it subcutaneousily, and a blo( 
vessel accompanies tlie pedicle throufrh the forameH ]iariHal«. 
cording: to Darksehewitach, the pedicle contains medullated nen 
fibres derived directly from the brain. 

The pituitary body (Figs, 102, 103 Uy) when examined ' 
a lens is seen U> Cdnsist of two portions : an anterior, superior, a 
smaller white portion, and a larger, inferior, posterior, and r 
portion. The anterior portion has the form of a very small, 1 
disk, and is enclosed in a connect ivc-tiseue capsule which sei 
in larger and smaller jirocesses. In eitliur transverse or longi 
dinal section it is seen to be formed of two horizontal layd 
eeparated by a line of blood-vessels and eonnective-t issue, 
upper layer coiifiists of a granular and reticular matrix, contain) 
many nuclei (averaging 0006 to 0010 mm, diameter), and dividl 
into irregidar rounded or polyhedral spafes by bands of 
derived from the capsule. This layer is more vaseular than 1 
lower. The lower layer consists of a mass of clear, nucleated 
rounded or polyhedral cells (o'oifi to ©■034 mm. in diameter; 
nuclei from o-oo8 to O'Oia mm. in diameter, Rcissner), pierc« 
by very fine oonnective-tissoe septa derived from the caps 
The septa are, for the most part, vertical and longitudi 
(Reissner), the blood-vessels are very few. 

The posterior lat^r portion of the pituitary body (Fig. 106) I 
also compressed from above downwards, and in transverse e 
as an oval outline. It possesses an external thin connectin 
tissue capsule, which sends in fine processes to support a : 
of eonvoliitcd tubes, l)etween which course a few hlood-ves 
these tubes jxissess an outer nucleated basement- membrane, 
are lined with a single layer of more or less cylindrical epithelium, 
which entirely fills the tube; hence the tubes possess no lumen. 
The tubes arc from 004 to 008 mm. in diameter; the cells h 
clear or granular, and jxissc'ss distinct, rounded nuclei. 

e. The Cerebral Hemispherea and Olfactory Lobes, 
cerebral hemispheres {Lob'i hi;iiii»pliaerii% Stieda j Lobi cerebr 
Beissner; Centralmasse des Genichssinns, Car as ; Hemisphaeren 
des groBsen Hims, Tiedemann ; Grosse Hemisphaeren, Schiess ; 
Prosencephalon, Huxley). The olfactory lobes (Titljercuia <ilfaa 
toria, Stieda ; Lo/ii olfactorii, Reissner ; Riechkolbcu, Schiess ; I 
nencephalon, Huxley). 
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a. Bxtemal form (Figs. 98, 102, 103 He and L.0I). The two 
cerebral hemispheres form together the largest section of the 
brain ; from alwve they are seen to be separated by a dorsal Ioq- 
gitudinal fissure, which is here well marked : each hemisphere is an 
ovoid body with the smaller end directed forwards and continuous 
with the corresponding olfactory lobe; the Fig. 106. 

posterior end forms one half of the anterior 
bowidary of the thalamencephalon. The 
olfactory lobes are two elongated, romided 
bodies directly continuous with the cor- 
responding cerebral hemispheres, and like- 
wise partially separated in the median line 
by a dorsal longitudinal fissure : at the b«tii«, 0™.^ uu. ion 
point of union of the cerebinl hemispheres "^ •** pit-JUij- bodr (nuguaM 

'^ , . ' jSo Umoi) ; from Stladk. 

and olfactory lobes is a faintly marked <> TatwinuidwichaiiutgUnm. 
transverse depression. * Biood-.— .k. 

On the ventral surface the parts are again marked off from 
one another by a corresponding ventral longitudinal fissure and a 
transverse groove ; the two longitudinal fissures being continuous, 
anteriorly, between the ol&ctory lobes.. The cerebral hemispheres 
appear to be more widely separated behind (Fig. 102) than ia 
the case on the dorsal surface, and in the space so formed ia 
the lamina UrminalU (Li). Seen from the side, the slight depres- 
sion of the upper sur^e, between the cerebral hemispheres and 
the olfactory lobes, is seen to be continued downwards and 
slightly backwards to join the corresponding groove on the inferior 
sur^ice. 

The longitudinal fissures are shallow and do not meet, except 
at one point, at about the middle of the cerebral hemispheres 
(Fig. 105). The olfactory bulbs arise superficially (Pigs. io3, 103 r 
and L.ol) from the whole length of the olfactory lobe, between the 
anterior extremity (7') and the posterior {Lm^, where they are also 
attached to the cerebral hemispheres. 

j9. Internal stmotnre. The cerebral hemispheres and olfactory 
lobes are hollow, the common cavity of each side being known 
as the lateral ventricle {J'enfriculut lalerali*); these ventricles 
communicate with each other, and with the third ventricle 
(Fig. 105). The narrow aperture by which the lateral ventricles 
communicate is known as the Foramen of Monro {MF); it 
communicates with the third ventricle posteriorly, and with the 
space between the cerebral hemispheres anteriorly, and thus forms 



THK NEUVOCS SYSTEM. 



a uominon uiivily {ymttrkiilvi ammttniv lolorum iei/ii»j,iaerieB 
Stieda). 

la general tenne, each ventricle may be said to be a eemiluni 
cavity, prolonged backwards and forwards {Fig. 107 c); tliu outer 
Fie. 107, wail is always more or l«a concave, wlijle the 

inner varies according to the part of the liemi- 
I fc\ \ C'l) f;]ihere examined. At the anterior and posterior 
.trcmitii-s the inner wall ie convex and bulges 
intj) the cavity {Fig. 107) ; in the middle portion 
of the cavity the inner wall presents a longi- 
tudinal groove {/'eiifrieuU latfralU i-oruu in/er- 
num, Reissner), {Fig. 108 d), and couGequently 
the inner wall has here two rounded masses, an 
upper and a lower (Corjiut tMaliim, Wiedersheim), 
projecting into it. By tracing them backwards 
and forwards, the lower swelling is seen to in- 
crease at the expense of the up])er, while at tlie 
same time tht: lateral grooves disapjicar; the 
outline of the cavity shown in Fig. 107 is then 
obtained. The roof of the ventricle is arched and broader tlmn 
the floor, which, in the middle part, exists ouly aa a vertical slit^ 
(Fig. 108), (f'euiricuii laferalit cornu inferiut, Reissner): towi 
the anterior and posterior extremities it widens and buc 
shallower (Fig. 107). 
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Fig. I 



The cerebral hemispheres and olfactory lobeit 
are composed of a tine granular matrix, enclosing 
spindle-shaped, rounded, or pear-shaped nerve 
cells and nuclei, and containing very tine fibrep. 
The cells (Fig. 109 b) arc more numerous towards 
the ventricle, and somewhat sparse towards the 
superficial surface. The cells are of two 
sizes, the smaller and more numerous avi 
0'004 mm. to 0008 mm. in diameter; they 
found chiefly in the deeper portions of the 
section, but also form a very thin irregular 
layer beneath the pia mater : the larger cells have an avera^ 
diameter of o-oio mm. to 0012 mm., and are placed tow] 
the periphery, es])eeial!y in the dorsal jiart of the inner wall. 

In this irregular collection of cells the following centres 
been described : (i) The nucleus, through which the evrpui calti 
passes (Kfippen) ; (2) the lower internal or median cell- 
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(Osborne), situated above the forgoing nucleus in the posterior and 
middle portions of the hemispheres ; {3) the upper internal cell-area 
(Osborne) is the area of large cells in the dor^ part of the inner 
wall ; (4) the Corput tiriatum (Osborne) is a mass of cells between 
the corpu* eallofum and the commUtura a/Uerior; Koppen doubts 
the correctness of Osborne's opinion, and suggests that a group of 
cells found in the wall of the third ventricle in front of ' Meynert's 
band' may perhaps be a corpus ttriatum. 



>Ms 
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A bundle of longitudinal medullated nerve-fibres, the ' round 
bundle,' is found on either side of the median line (Fig, 107 d), 
and near the lower border in the posterior portion of this region ; 
these fibres can be traced from the posterior section of the tbala- 
mencephalon; they diminish in number as they course- through the 
base of the cerebral hemispheres, and are ultimately lost in the 
lower anterior part of the outer walls. A second strand of lon- 
gitudinal fibres is the continuation of that of the Tuber-cinereum 
above described, which can be followed to the outer wall of the 
posterior part of the ventricles, and to the anterior commissure. 

The commissures are : (i) The eorput callotum, a large bundle of 
transverse fibres, seen best in a tmnsverse section, at the point of 
junction between the lamina terminalis and the cerebral hemi- 
spheres, forming an arch over the roof of the anterior prolongation 
of the third ventricle. The fibres course to the inner and anterior 
parts of the hemispheres, and are situated chiefly behind the /c- 
ramtH Monroi. To this commissure must be added those fibres 
which unite the two olfactory lobes, and possibly the fibres (Com- 
muntra potterior) found in the roof of the third ventricle (Koppen), 
(2) The Commi»*ura anterior (Stieda), a smaller set, foimd immedi- 
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ately under the floor of the eommon ventricle, forming in tlw 
course outwards a cur\'e, with the eoneavity directed downwi 
This eonunissure connects the ' round bundles ' of opposite eideSj 
and those fibres coursing with the ' round bundles ' to the olfactory 
lobes constitute the pan o/fac/oria of the eommu»ura anterior. To 
this commissure must also be added some fibres found on the ventral 
surface of the commuiura anterior and connecting the two strands 
of the Tuber-cinereuM ; an unusually coarse strand of these fibres 
can be traced to the inner wall of the ventricle, aud is termed the,, 
}iaT» olfaeloria interna by Osborne, 

The general structure of the olfactory lobes resembles that 
the hemispheres ; the olfactory nerves arise each by two roote, 
outer and inner. The outer root arises from the outer wail near 
groove between the corresponding hemisphere and olfactory li 
the inner or anterior root arises from the ant^irior surface of th*l 
olfactory lobe. Both roots liave a peculiar method of origin from 
the extremely fine fibrillar network of the matrix (Nerve-fibre- 
conglomerate, Koppen), in which are rounded dark bodies known, 
as ' glomeruli ; ' in the ' glomeruli ' dark [loints and nuclei are 
between larger and smaller bands of nerve-fibres. Koppen hoh 
that all the sensory nerves of the brain arise in a similar nmnneri 

A decussation t^es place between the two inner roots of 
olfactory nerves; possibly the external roots are connected 
means of the eommiatvra anterior. 

Very little pigment exists in the cerebral hemispheres or ol 
tory lobes, the greater portion is foimd in the upper i>art of 
inner walla of the cerebral hemispheres. 

The epithelium of the ventricles of the brain, like that of the 
central canal of the spinal cord, consists of conical cells with 
their bases directed towards the cavity, and their apices directed 
peripherally and prolonged into distinct processes (Pigs. 104, 109 a). 
In such situations, as the choroid plexuses, where nervous tissue is 
absent and the cavity is completed by pia mater alone, the epitbeliftl. 
cells are flattened. Everywhere else it is ciliated' and possesses 
tinet round nuclei which are as broad as the cells themselves, 
epithelium is somewhat irregularly and sparsely pigmented ; 
ventral parts of the central e&nal of the spinal cord, of the foi 
ventricle, and of the Sylvian aqueduct arc aln'ays more pigmenl 
than the dorsal parts. 

' Schmidt (I.e.) HtatM that the epithelium of tlie central canal of the npinal oord k 
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C. The Coverings of the Brain and Spinal Cord. 

1. The Pia mater closely invests the whole of the brain and 
spinal cord ; it may, in fact, be regarded as the flattened, outermost 
layer of the connective-tissue material which supports the nervous 
elements ; fine processes (Fig. 109 c) pass radially from its inner 
surface to join the general connective-tissue matrix or neuroglia. 
It is. usually pigmented, those portions covering the optic lobes 
and spinal cord being especially deeply pigmented : on the cerebral 
hemispheres it contains very little pigment; at times, indeed, 
in R, temporariay pigment is absent from this part. 

The pia mater is continued on to the choroid plexuses and pituitary 
body, and on to the pineal body by means of the pedicle; the 
membrane is very vascular, and forms, especially for the cerebral 
hemispheres and the olfactory lobes, a very important source for 
the direct supply of blood-vessels. 

2. The Dura mater^ or lining membrane of the cranial cavity and 
vertebral canal, is a connective-tissue membrane containing man}' 
very much branched, pigmented cells. This membrane is not so 
deeply pigmented as the pia mater, except in that portion covering 
the cerebral hemispheres and the olfactory lobes, which is much 
darker than the corresponding portion of the pia mater, 

3. The arachnoid membrane is the layer of endothelial cells 
covering the inner surface of the dura mater : by means of the 
blood-vessels and nerves, etc., it is continued on to the pia mater 
of the spinal cord and brain, which it in like manner closely invests. 
Masses of calcareous crystals are found between the epineurium 
and the arachnoid (Wiedersheim) on each spinal nerve at its exit 
from the intervertebral foramen, also on the trigeminal nerves in 
the cranium. Additional smaller and more irregular masses are 
found on the dorsal part of the dura mater of the spinal cord. 

D. The Vessei^ of the Brain and Spinal Cord. (Fig. no.) 

The arteries of these organs are derived from the internal carotids 
and the arteriae vertebrales. As soon as the internal carotid arteries 
reach the cranial cavity each divides into two branches, an ante- 
rior {Ramn^ anterior, SchobP) and a posterior {Ramvs posterior^ 
Schobl) ; the anterior branches course forwards on the lower part of 

^ These names are those adopted by Schobl for corresponding vessels in the newt, 
the translator has accepted them as being suitable, with slight modification, to the 
vessels of the frog. 
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the surface of the brain as far as the anterior portion of the tha- 
lameneephalon, where they again divide; one division, arteria 
lobi heminphaerici inferior externa (Sehobl), continues forwards along 
the outer surface of the cerebral hemisphere and of the olfactory 
lobe as far as the olfactory bulb, where it may still be distinctly 
seen ; it gives off branches to the adjacent parts in its course for- 
wards. The vessels of the two sides communicate with each other 
by means of delicate transverse vessels (Arteriae communicanles ante- 
riare^t). The second division, arteria lobi /letnisjjkaerici mjierior in- 
terna (Schobl), of the ramns anterior courses on the thalamencephalon 
to the dorsal surface, gives a large branch to the choroid plexus of 
the fourth ventricle, and nms forwards in the dorsal longitudinal 
fissure ; it supplies vessels to all the neighbouring parts. 

The rami posteriores converge as they course backwards, and ulti- 
mately unite to form an arteria basilaris, which is continued in the 
median line of the under surface of the spinal cord as the arteria 
spinalis anterior. The ramus posterior gives off, in its course, many 
small vessels to the neighbouring parts, and two larger vessels on 
either side, one of which, the arteina lobi optici (Schobl), is distributed 
to the optic lobes, while the other passes to the pituitary body. 

The branches of these vessels form a network in the pia mater y 
from which the nervous tissue is supplied ; they also send numerous 
branches directly into the brain and cord, and these have a similar ar- 
rangement for all parts of the brain with the exception of the cerebral 
hemispheres and olfactory lobes ; more or less vertical branches arise 
from the posterior parts of the upper borders of the rami anterioreSy 
from the whole of the rami posterioresy and from the arteria basi- 
laris ; these course upwards from their place of origin into the corre- 
sponding part of the brain, give off a few branches in the white 
matter, and then branch freely, and at somewhat sharp angles, 
in the grey matter. In the pars com7nissuralis a large branch may 
be traced from the ramus ^msterior on either side upwards into the 
cerebellum almost to its upper border. The vessels of the cerebral 
hemispheres and olfactory lobes seem to possess no other definite 
arrangement than that described above. The grey matter seems, 
on the whole, to be more vascular than the white ; the vessels of 
the latter are chiefly arranged radially to the surface, and run in 
courses which are more or less straight; the vessels of the grey 
matter are more irregular and sinuous. 

The Arteria spinalis anterior courses along the whole length of 
the spinal cord, giving off lateral branches and communicating with 

11 2 
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Fig. no. 
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rami spinaks (branches of the Arieria vertebrali^). These branches 
form a plexus in the pia mater ^ from which vessels pass at irreg^ar 
points into the cord ; one set of small vessels, described by Reissner, 
pass in a straight course from the superior longitudinal sinus 
towards the substantia reticularis, where they divide. Other branches 
pass directly from the arteria spinalis anteriw, through the ventral 
longitudinal fissure, and there divide ; the twigs as a rule avoiding 
the septum medium and passing in greater part towards the ventral 

horns. The vessels in the white matter are 
for the most part radial and straight, while 
in the more vascular grey matter they are 
irregular and more sinuous in their course. 

The choroid plexus of the third ventricle 
[Plexus choroid eus ventricuH tertiiy Reissner) 
lies, as already described, on the roof of the 
third ventricle; it is somewhat triangular in 
form {Plexus venosus trianguhris, Schobl), and 
is evidently a prolongation of the pia mat'er, 
with an increased supply of vessels. It re- 
ceives, at its anterior angle, veins from the 
cerebral hemispheres and the adjacent parts. 
The under surface is covered with a layer of 
ciliated pavement epithelium. At the pos- 
terior angles of the plexus the veins commu- 
nicate on either side (Fig. no) with the 
anterior lateral prolongation of the vena 
sjtinalis superior, and with the internal jugular 
vein. The small body usually named the 
pineal body, and placed on the roof of the 
ventricle, is only a small thickened portion of 
the plexus, and consists of a group of convo- 
luted blood-vessels. This plexus sends a con- 
siderable bunch of vessels into the upper part of the third ven- 
tricle. The choroid plexus of the fourth ventricle (Plexus ckoroideus 
ventricuU qnarti, Reissner) is a triangular membrane, slightly at- 
tached to the borders of the fourth ventricle. Its upper surface 
is flat and bomidcd at either side by a large vein, the vtna 
spinalis superior 'y anteriorly it is bounded by the cerebellum. The 
under surface is not flat; in the middle line is a slight furrow 
corresponding to the position of a median vessel, which may, when 
injected, be seen from the dorsal surface; from it a number of 




Diagram to show the Vaxa 
spinalis posterior^ the Ve- 
nae tpinales superiarcs, and 
the origin of the Vena 
jupularis interna. 

H HemiaphtfRM. 

Ji Internal jugular. 

op Optic lobea. 

MO Medulla oblongata. 

tpp Vena spinalis posterior. 
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short vessels pass outwards and slightly backwards to the outer 
border. The connective-tissue between these vessels is pushed down 
into the cavity ; in this manner one obtains a double row of flattened 
villous-looking bodies, which frequently have their tips pigmented. 
The under siu^ace of the plexus is clothed with flattened, ciliated 
epithelium. 

On either side of the pituitary body is another small venous 
plexus (Plexus lateralis, Schobl); it communicates above with the 
posterior angle of the choroid plexus of the third ventricle ; exter- 
nally, with the internal jugular vein ; and internally with its fellow 
of the opposite side by more or less irregular transverse vessels, 
which, together with a median vein from the fissure between 
the cerebral hemispheres, form an irregular circulus venosvs around 
the pituitary body. These plexuses receive blood from the lower 
part of the cerebral hemispheres, the thalamencephalon, the optic 
lobes, and from the pituitary body. The veins of the spinal c'ord 
open into the dorsal, vena spinalis posterior (Fig. no spp)^ which 
bifurcates at the posterior angle of the fourth ventricle, one division 
passing to either side and forming, as already described, the outer 
border of the choroid plexus ; anteriorly it opens into the internal 
jugular vein (Fig. iioji). 

The blood-vessels, both arteries and veins, are irregularly pig- 
mented, both on the surface and in the interior of the central 
nervous system; those of the cerebral hemispheres and olfactory 
lobes have very little or no pigment. 
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Fig. III. 

Courae of the palatine nerve. // 

Fibruiu plate. /// 

M. depreeaor maxillae. IV 

Terminal brancheti uf the ophthalmic nerve. Vb 

Facial with R. anterior of the glomopharyngeal . Vc^ 
Terminal twigs ef the ophthalmic nerve. Vc' 

MoaoulM* twigs of the Ram. maxillaris. Vd 

M. intertransversar. capitis superior. 
Twigs of upper eyelid. 
Terminal twigs of the Ram. maxillaris. 
M. levator angnli scapulae. 
M. pterygoideuB. 
M. stemo-cleido-mastoideus. 
Bvmpothetic nerve. 
M. temporalis. 

Nasal branch. X2 

Union of facial nerve with Ram. anterior of X^ 

the gkMMoidiarjmgeal nerve. XO 

Olfactory nerve. XI 



Dorsal view of the orbit, etc. ; deep dissection. 



OpUc nerve. 

Motor oculi nerve. 

Trochlear nerve. 

R. palatinuA \ 

R. maxiUo-mandibularlj (of the trigeminal 



R. maxillaris 
R. mandibularis 
Ve{VJI) Facial nerve. 
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nerve. 



Vp 
VN 

V8 
VI 
VII' 



Gaaserian ganglion. 

Trigeminus. 

Sympathetic nerve. 

Abducens nerve. 

Facial nerve. 
VIII Auditory nerve. 
JITi Ram. anterior of the g^osaopharyngeaL 

Glossopharyngeal nerve. 

Pnenmogastric nerve. 

Ganglion nervi vagi 

Accessory nerve. 
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Fig. 112. Dorsal view of the orbit, etc. ; «nperflcial dissection 
External branch of the ophthalmic nerve. Va Ophthalmic nerve. 

Internal branch of the ophthalmic nerve. Vc 

Terminal twigs of the ophthalmic nerve. Vc' 

Optic nerve. Vd 

Motor oculi nerve. VI 



R. niaxillo-mandibularis. 
R. maxillaris of the trigeminal nerve. 
R. mandibularis of the trigeminal nerve. 
Abducens nerve. 



Trochlear nerve. 



Fig. 113. View of roof of month ; 

a Blanch of the Ram. palatinus.to the Harderian 
gland. 

b Branch of the Run. palatinns to the inter- 
maxillary gland. 

c Inosculating-branch of the Ram. palatinus. 

d Internal naris. 

d Cutaneous branch of the Ram. palatinus. 

db Fibrous plate. 

F Ramus mandibularis of the facial ner\-e. 

01 Intermaxillary ghmd. 

HD Harderian ghmd. 

/ Eyeball 

ff» M. masseter. 

Mi.cb.i. M. obliquus inferior. 

OK Upper Jaw. 

r M. retractor bulbi. 

Fig. 114'. Lateral dissection of head, 
Cardiac nerve. 
Union of facial and Ram. anterior of the 

gloesopharjngeal nerve. 
Rain, hyoideus of the glossopharyngeal nerve. 
M. levator angi scajralae. 
M. longissimuB doni. 
M. masseter. 
Ram. mandibularis of the glossopharyngeal 

nerve. 
Ilypt^IoMtal ner>'e. 
Brachial nerve. 

Anterior oornn of the hyoid bone. 
M. obliquus intemus. 



Vr Ciliary nerves. 

mucous membrane, etc, removed. 
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M. rectus intemus. 

M. rectus inferior. 

M. stemo-cleido-mastoideus. 

Mandible. 

Terminal branch of Ram. palatinus. 

Union of facial nerve with Ram. anterior of 
the glossopharyngeaL 
/// Motor oculi nerve. 
Vb Ramus palatinus of trigeminal nerve. 
Vc Ramus maxillo-mandibularis of the trigeminal 

nerve. 
Vtf Ramus maxillaris of the trigeminal nerve. 
Vd R. mandibularis. 
VeiVIl) Facial nerve. 
X Pneumogastric nerve. 
A'l Glossopharyngeal nerve. 
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M. petrohyoideus I. 
M. petrohyoideus II. 
M. petrohyoideus TII. 
M. petrohyoideus IV. 



etc., 
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Vc 
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Xa 

X3 

X^n 
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to show the cranial nerves, etc. 

Pharyngeal branches of the pneomagaatric 

ner>'e. 
M. temporalis. 
Muscular twigs of the Ram. mandibularis of. 

the trigeminal nerve. 
Tongue. 

Terminal twigs of the ophthalmic nerve. 
Ram. maxillaris of the trigeminal nerve. 
Ram. mandibularis of the trigeminal nerve. 
Vin Facial nerve. 
Ram. anterior of the gtoesopharyngeal nerve. 
Glnsnopliaryngeal nerve. 
Pnenmogastric ner^ 
Ram. gastrici of the pnenmogastric nerve. 
Ram. larvngeus. 

Ram. pulmonales of the pnenmogastric nerve. 
Accessory nerve of the pneumogastrie nerve. 



Fig. 115. Dissection of the floor of the mouth. 



M. depressor maxillae. pha 

United facial nerve and Ram. anterior of the /1A3 

glossopliaryngeal nerve. PA4 

I M. geniohyoideuB. '^ 

Ram. hyoideus of the glossopharyngeal nerve. $m 

Heart. xmt 

Lung. TT 

.Ram. mandibularis of the glossopharyngeal uk 

nerve. %i$ 

Hypoglossal nerve, A'a 

Brachial nerve. A'3 

Anterior oomu of the hyoid bone. Xy 

MomohyoideuH. A'3/ 

M. jietruhyoideus I. A'3p 



M. ])etrohyoideus II. 

M. iwtrohyoideus III. 

M. jwtrohyoideus IV. 

M. stemo-cleido-mastoideus. 

M. stemo-hyoideus. 

M. myI(»hyoideus (submaxiUaris). 

M. Bubniontalis. 

Thyn)id. 

Mandible. 

Muscular twigs of the Ram. mandibularia. 

GIoMH)])haryngeal nerve. 

Pneumogastric nerve. 

Rami canliaci of pneumogastric nerve. 

Ram. lanmgens of the pneumogastric nerve. 

Ram. pulmonalis of the pneumogastric nerve. 



phi 

1 The branches of the vagus which are represented in this figure as crossing the iietrohyoid mtuoles ooght to 
be underneath them.— TVaru. 
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II. THE PERIPHERAL NERVOUS SYSTEM. 

E. The Cranial Nerves. 

(To facilitate reference the original arrangement of this part 

has been altered.) 

[There are ten pairs of cranial nerves in the frog, which are 
numbered in order from before backwards. The mode of origin of 
these nerves, and their deeper relations with the respective parts of 
the brain to which they belong, have already been described.] 

1. The olflEtctory nerve (N. olfactoriu9\ [(Figs. 97, 98, J 02, 103, 
III /) runs a very short course only a few lines in length, and 
escapes from the cranium by an opening in the cartilage of the 
sphenethmoid into the nasal cavity, where it divides into two branches, 
each of which breaks up into a brush of filaments, to be distributed 
in the olfactory mucous membrane. The nerve contains no white 
fibres]. (See organ of smell, p. 385.) 

2. The optic nerve (N. opticus), (Figs. 97, 102, 103, will) 
[arises, as already described, by the optic tract, and joins with its 
fellow at the optic chiasma or commissure, where part of the fibres 
pass over to the opposite side (according to Michel all the iibres 
cross). Each optic nerve then courses outwards, piercing the car- 
tilage of the cranium and so reaching the eyeball]. (See organ 
of sight, p. 408.) 

3. The motor oculi {N, oculamotoriuSy Oculo-motory Motor com- 
munis), (Figs. 102, 11 1, 112, 113 III). From its origin it courses 
outwards and forwards, perforating with a slight obliquity the carti- 
laginous wall of the cranium, just in front of the Gasserian gan- 
glion (Pig. 116 III)'y on reaching the orbit it divides into two 
branches, between the Levator bulbi and the Bectus intermts and in- 
ferior. One branch, Bamus superior, runs over and parallel to the 

Ramus ophthalmicus Trig, and enters the under suttace of the 
Bectus superior ; the second, lower branch, Bamus inferiar, supplies 
filaments to the Bectus intemus and inferior and to the Obliquus in- 
ferior. Apparently it exchanges fibres with the ophthalmic division 
of the trigeminal nerve. 

[That portion of the motor-oculi between its branch to the 
Bectus superior and to that to the Bectus intei'nus contains a 
number of nerve cells ; according to Schwalbe (l. c, p. 235 and 
Pt. XII, Fig. 4) these cells are arranged in four groups or ganglia ; 
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tlie second group forms a very slight prominence, and is covered by 
a very fine layer of nerve fibres, it also gives off some extremely fine 
nerves to the eyeball ; this is perhaps a ciliary ganglion {Ganglion 
riliare, Schwalbe). Beard, however, names it ' mesocephalic gan- 
glion/ The other three groups are simply clusters of cells between 
the fibres of the nerve.] 

4. The pathetic or trochlear nerve {N, IrocAleari^, patheticus\ 
(Figs. 1 02, 103, and T12 IV), From its origin it courses forwards 
with and then crosses the motor-oculi ; it perforates very obliquely 
the cartilaginous lateral wall of the cranium, in front of the 
motor oculi but above and very slightly behind the optic foramen 
(Fig. 116); it runs parallel to and in company with the Ramus 
opthalmims trigemitiiy and appears to exchange a few fibres with it, 
which, however, according to de Watteville, Stannius, Cuvier, aud 
Wyman, is not really the case. In this course it Ues first to the inner," 
then to the outer side of the ophthalmic, over which it passes to 
I^ouaAj swpply the Ket ' ftM ftn pef ^ ior . [The pathetic and ophthalmic nerves 
^4AA.*\^|.^ sometimes enclosed in a common sheath (de Watteville).] 

6. The trigeminal nerve {N. trigeminus), (Figs. 97, 102, 103, 
III, 112, 113, and 114 V)h the largest of the cranial nerves in 
the frog ; from its origin it runs outwards and forwards to the skull 
wall, and just before reaching this enters the large Gasserian 
ganglion. It then passes through the cranial wall immediately in 
front of the auditory capsule, and divides at once into two main 
branches (Fig. 1 1 1 Vg^ etc.), the Ramus ophthalmic^is and the Ramus 
Maxillo-majidihularis, 

The Gasserian ganglion is a large, yellow, oval ganglion placed 
in a depression in the outer wall of the cranium ; it is covered by a 
' periganglionic gland,' which is similar in structure to that of 
a spinal ' periganglionic ' gland (see p. 180), the fibrous capsule 
being stronger. This ganglion receives three other nerves besides 
the trigeminal, viz, the sixth and seventh nerves, and branches of 
the sympathetic. 

According to de Watteville, these nerves are arranged on the 
lower surface of the ganglion, so that the sympathetic is below, 
the sixth above it, then the seventh, while the fifth is uppermost ; 
the sympathetic splits into several bundles which join the various 
branches of the ganglion ; the sixth divides into two bundles, one of 
which usually joins the ophthalmic, while the other makes its exit 
independently; the seventh splits into two bundles, one of which 
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leaves the ganglion as the hyomandibnlar branch, the other gives 
some fibres to the palatine branch of the trigeminal nerve, and is 
then continued as the palatine branch of the facial.] 

a. The Ramus ophthalmicus (Bamus nasalis, Fischer ; Ophthalmic 
or Orbital Branch, Wyman ; Orbito-nasal or Ophthalmic Nerve, 
de Watteville), (Figs, iii and 112 Fa). After leaving the GiasSe- 
rian ganglion the nerve is directed forwards parallel to the side of 
the cranium, between this and the eyeball. It lies beneath the 
Rectus superior, but above all the other muscles of the eyeball and 
the optic nerve. At the anterior end of the orbit it divides into 
two branches {e and f) which pass through apertures (Fora^nen pro 
tamo nasali) in the cartilage of the sphenethmoid, to reach the nasal 
cavity, where they lie between the cartilage and mucous membrane. 
In this position the nerves supply branches to the mucous membrane 
and then pierce the skull to appear on the surface (Figs, iii, 
iia gyffygy 114 ^<')y ^^ ^kiu of w^hich they supply. The branches 
inosculate with each other and communicate with the anterior twigs 
of the -Raw?/? 7iiaxiliaris (Fig. 114 Vc) and with those of the Ramus 
palatinm (Fig. 113 F6). 

In its course through the orbit the Ramus ophthalmicus gives 
ofF :— 

(i) Near the Gasserian ganglion one, two, or three small branches, 
which communicate with the trochlear nerve, and may then be 
traced to the sclerotic of the eyeball ; som^ of the tw^igs enter near 
the optic nerve, others nearer the cornea. They are regarded as 
Ciliary nerves (Nervi ciliares). 

(2) A large branch, the palatine nerve (Ramus palatiuus), 
(Figs. Ill and 113 Fb, b). This nerve, after receiving the palatine 
branch of the facial, descends on the inner border of the Levator 
bulbi to the mucous membrane of the mouth, to which it gives 
numerous filaments ; it then runs parallel and near to the median 
line, lying on the base of the skull ; and near the front of the 
orbit it divides into three branches. The smallest {a) supplies 
the Harderian gland {III)) ; the second (b) continues in the course 
of the original nerve, pierces the vomer, and divides, giving 
filaments to the mucous membrane in its whole course, while 
the terminal twigs -supply the intermaxillary gland [Gl) and the 
surroimding structures. One of these (f) ascends on the anterior 
border of the sphenethmoid to the intermaxillary (intemasal, 
Bom) space to supply the numerous glands and to inosculate by 
one or two twigs with the nasal branch (Jr) of the trigeminal. 
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The third branch of the palatine nerve (c) curves directly out- 
wards, just behind the palatine bone, to the inner surface of the 
maxillary bone ; it then courses backwards, pierces the fibrous 
plate (db) between the eyeball and the pterygoid bone, and ulti- 
mately unites with superior maxillary division of the trigeminal 
narve (^c?'). Just before piercing the fibrous plate it gives off a 
tolerably large nerve (d) to the mucous membrane, and in its whole 
course it gives off twigs to the mucous membrane and surrounding 
structures ; many of these twigs inosculate with other terminal 
twigs of the trigeminal. 

[This nerve has been minutely described by Stirling and Mac- 
donald ; these observers find that the branches form a very fine and 
close plexus in the mucous membrane, etc. ;* fibres were traced to 
blood-vessels, glands, etc., and ganglion cells were found scattered 
along the nerves. The fibres are both medullated and non-medul- 
lated, and many of the cells are described as ^ spiral cells ^ (see page 
20i), such as those described by Arnold in the sympathetic system 
of the frog.] 

b. The Ramus maxillo-ynandibularis (Ratnm maxUlariSy Ecker and 
Hoffmann ; Supra-maxillary, Humphry; Upper Maxillary Branch, 
Wyman), (Figs, iii, 112, and 113 Vc), This nerve is the largest 
division of the trigeminal ; it nms directly outwards behind the 
eyeball, in front of the auditory capsule, and between the temporal 
and pterygoid muscles. After a very short course it divides into the 
maxillary and mandibular nerves. The nerve gives off before its 
division a few fine filaments [i,i) to the hinder x half of the upper 
eyelid and to the surrounding skin, also a branch "^i) [not correctly 
drawn in Fig. 1 1 1 ] which divides to supply twig^ to the temporal 
and pterygoid muscles. 

(i) The Ramus maxiUaris [Ramus sujyramaxillaris^ Ecker; Ramus 
fuaxillaris superior, Hoffmann ; Upper Maxillary Branch, Wyman ; 
Supramaxillary, Humphry and de Watteville), (Figs, in, 112, 
113, and 114 ?'c) runs outw^ards and then forwards, between the 
eyeball and the outer wall of the orbit, to the margin of the upper 
jaw (K) ; a large portion terminates in a number of small branches 
for the supply of the skin of the lower eyelid, the upper lip, and of 
the parts between the tympanic membrane and the external nares. 
Some of these twigs inosculate with twigs of the palatine and 
ophthalmic nerves. The second portion of the nerve unites with 
the palatine nerve, as already described. 
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(2) The BawuH mandibularis [Bamzis maxillaris inferiofy Hoff- 
mann ; Mandibular or Lower Jaw Branch, Wyman ; Inf ramaxillary, 
Humphry and de Watteville), (Figs, iii, 112, 113, 114, and 115 
Vdy us). As far as the outer margin of the eyeball, this nerve 
runs parallel to and behind the Ramus maxillaris, in which course it 
supplies branches to the temporal and pterygoid muscles ; it then 
curves backwards, outwards, and downwards to the under surface 
of the squamosal bone, where it supplies a twig to the Depressor 
maxillae^ and then perforates the Masseter : in this manner it 
reaches the outer surface of the mandible, just behind the insertion 
of the temporal muscle ; it then courses forwards, under the skin, to 
the Symphysis menti. In this course the nerve gives off numerous 
branches to the skin and surroimding parts, it also supplies the 
mylo-hyoid and submental muscles; one branch (Figs. 114 and 
115 vs) is larger than the rest, and supplies the imder surface of 
the floor of the mouth and lower lip. 

0. The abduoens nerve (Nervus abducens, Ecker and Hoffmann ; 
included in the trigeminal, Wyman), (Pigs, iii and 112 Fl), This 
very slender nerve courses along the inner wall of the craniiun from 
its origin to the Gasserian ganglion (q.v.) which it joins, and leaves 
this in contact with the ophthalmic division of the trigeminal 
nerve : the nerve then bifurcates in the orbit ; the outer branch 
supplies the Rectus externus, the inner inosculates with small twigs 
of the ophthalmic division of the trigeminal, and then gives off 
a number of small ciliary nerves, already described, and one special 
branch to the Betractor bulbi, 

7. The DEioial nerve (iV. facialis , Ecker and Hoffmann ; Facialis 
[Portio dura), Wyman ; Facial or Jugular Nerve, Stannius), (Pigs. 
Ill, 113, and 114 Ve FII) arises immediately behind the trige- 
minal, and runs forwards, first in company with the auditory 
nerve, then alone, to the Gasserian ganglion {q*v,)y with which it 
unites; it again appears at the posterior angle of the ganglion, 
and e8cai)es from the cranium in company with, and immediately 
behind, the Bamus mandibularis of the trigeminal, and divides at 
once into two branches. 

a. The Ramus palatinus at once unites w^th the palatine 
branch of the ophthalmic division of the trigeminal nerve. 
Wiedersheim doubts this arrangement, and holds that the two 
portions arise in common from the Gasserian ganglion ; neither 
has Wyman (Rana pipiens) described this branch of the facial. 



172 THE NERVOUS SYSTEM. 

De Watieville states that the Ramus palatinus and the palatine 
jraneh of the ophthalmic nerve are separated by the carotid artery. 
In urodeles the two nerves are distinct.] 

. b. The Bamns hyomandihularis [Ramus jugtdaris, Hoffmann ; 
Fa<?ial Nerve, Wyman), (Figs. 113 and 114, Ve VII). The nerve 
is directed outwards and backwards so as to pass around the 
bony wall of the auditory capsule, it then crosses over the inner end 
of the columella, vnih. which it is in close contact, and is then 
joined, under cover of the sferno^leido-mastoidetts {sc), by a branch 
(Raffius commnnicans) of the glossopharyngeal (see Fig. 1 1 1 *). The 
single trunk [F) so formed is directed downwards in the posterior 
wall of the Eustachian tube to just above the angle of the mandible, 
where it divides into three branches, or sometimes into two, in 
which case a third nerve is supplied by one of the others, usually 
by the Hamus hyoideus, 

(i) The Ramus mandibularis [Ramus mentaliSy HofEmann ; Third 
Trunk of the Facial, Wyman), (Figs. 114 mt and 115 m') passes inside 
the angle of the jaw and courses forwards, between the skin and 
mylo-hyoid muscle, parallel to the Ramus m/indiiularis of the 
trigeminal nerve, as far as the symphysis. It supplies small twigs 
to the neighbouring parts of the mucous membrane of the mouth. 

(2) The Ramus hi/oideus [Rumus jugular is y Hoffmann ; Second 
Trunk of the Facial, Wyman), (Figs. 1 14, 1 15^) is the largest division 
of the facial ; it coiu-ses forwards subcutaneously over the deltoiden^ 
and the hinder fibres of the mylo-hyoideus to the anterior comu 
of the hyoid bone, supplying its muscles and the skin of the throat 
and sternal region. 

(3) The Ramus auricularis (First Trunk of the Facial, Wyman) ; 
is a small branch, directed outwards ; it supplies a branch to the 
walls of the tympanic cavity, and is finally distributed in the 
skin under the tympanic membrane and behind the angle of the 
mouth. 

8. The auditory nerve (^V. acustlcicSy Eeker, Hoffmann ; Audi-, 
tory Nen'e, Wyman). This nerve has a very short course in the 
cranium; it reaches the auditory organ by a foramen (Fig. 116 
VIII) in the auditory capsule, and is then distributed in the ear, 
with which it will be described. 

0. The glossopharyngeal nerve (iV. glossopharyngeuSy Ecker; 
RamuM gloHsO'pharytigev^, Hoffmann; Glossopharyngeal, Wyman; 



THE CKAXIAL NERVES. 173 

(floRsopharynf^al of the A'agiis, Miiller), (Fi^. 102 and 103 A', 11 1, 
113, 114, and 115 X^) arises in common with the pnenmogastrio 
nerve, and quits the skull with it through an opening {Canalia nervi 
vagi) immediately behind the auditory capsule, and at once divides 
into two branches; both of which lie under the MM. intertrans- 
vermrii capitis and are covered by the Depressor maiulibulae. 

a. The Ramus anterior (Verbindungsast des Glossopharyngeus, 
Wiedersheim; Ramus communicanSy Hoffmann; Uniting Branch, 
Wyman ; Laryngeal Branch of the Vagus, Volkmann ; Communi- 
cafis adfacialem, de Watteville), (Figs. 111, 113, and 114 X^), This 
nen'e curves downwanls and forwards around the auditory capsule 
and beneath the* Depressor wanflifjitH to join the fa<'ial nerve, as 
already described. 

b. The Ramus posterior [N, glossopharyngeuSy Wiedersheim ; 
Ramus lingualis^ Hoffmann), (Figs. 11 1, J13, and 114^2). This 
nerve runs downwards and forwards to the ventral surface of the 
pharynx, dips underneath the Reirohyoidem //', to aj)pear again, 
after a short interval, by piercing the Retrohyoideus II or ///, 
courses parallel to and behind the anterior comu of the hyoid bone, 
and thus reaches the floor of the mouth. The nerve then runs 
forwards in a very sinuous course, close to the median line, and 
between the Geniohyoideus and Hyoglossvs ; in its course on the 
floor of the mouth it crosses the hypoglossal nerve. It supplies 
the petrohyoid muscles, and gives numerous small branches to the 
mucous membrane of the pharynx (Ramus pharyngeus^ HoflFmann). 

10. The pneiunogastric or vagus nerve ( Vagus \ Ramus intestinal is 
nervi vagi, Fischer, Hoffmann ; Vagal Trunk, Wyman ; Vaso- 
sympathetic, Gaskell), (Figs, iii, 113, 114, and 115 A'^). This 
nerve arises in common with the glossopharyngeal ; the two nerves 
leave the skull together by an opening in the exoccipital bone 
{Canalis nervi vagi) ; immediately outside the skull they acquire a 
ganglionic enlargement (Ganglion condyloidenm^ Ganglion nervi vagi)^ 
(Fig..iii Xff); in this course the glossophar^Tigeal lies in front of 
the pneumogastric, which it then leaves. The pneumogastric lies 
first upon the 3/. levator anguli scapulaey then running backwards 
and downwards along the hinder border of the Retrohyoideus //' 
it coiQes to the side of the pharynx ; it is covered by the trapezius, 
and passes between the hypoglossal nerve and the Aorta ascend ens ; 
arriving at the Arferia pulmonalis^ it gives off its terminal branches. 
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[Gaskfll has proved that this nerve containB both aympathotii' and 
va^ral elementSj and that it is therefore really a vago-aym pathetic] 

The branches 
Fig. iifi. and eomnniniea- 

tioDS of the pneii- 
mofjastrie nerve 
are : — 

B. Communica- 
tiuns between the 
ganglion of the 
])neuinogaBtrie and 
the symiBtthetif 
system ( Fiff. 1 1 1 
S/i), whieh a^in 
cunnect it with 
theGa«»erian ^n- 

rs ^^^M^l: S'i^i "' ^^•' *"'■ 

yi Abduoem mn*. eeminal nerve 

yill Auditory n«r». ( I' Ig. 1 1 1 /' i, fff); 

xu PD-omoip-tri.. .M gi.-.,[,hnrjnK^,d n„f»«- jgg^, pynipathetii- 

system), 
b. [The Rarnvit ru/anei'/i dm-ga/h (Fischer) ie eonsidered by Staii- 
nius and Fiirbringer to be the homologue of the liam«* aurkttlariit ; 
it passes outwards between the dtgailripua and Ivmjiorahn t-o be 
distributed in the skin of the suprascapular region. This nerve 
is the persistfnt portion of the N. Ialeral.i» nerri vagi of the 
tadiMile.] 

o. During its course over the jielrohi/uidfi the vagus gives 
few twigs (Fig. 114 {ip), which form a fine plexus to supply 
muscles and the jiharynx [also a twi;; tn the trat'heii, nceordf 
Hoffmann]. 

d, The Hamug artxgtoriug (FiJrbringer. Hoffmann, Eeker), (Pig; 
114 XI) is usually a single small nerve which runs between the 
intertransveriarii muscles and the fra/ifziiis : it sujipIii'S the un der 
surfai'e of the latter muscle. 

e. The ffflflJKffvwflju/i/flW* (Hoffmann) iw a very slender nerv 
near the Jiamu» atriworius ; it pa*iMes along the under su 
the lra/ie::ia» to the inner surface of the interitrajiiiliiriii, whi 
supplies. 
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*f. The Bamn^ l^tryngem [BecurreyiH vagi\ (Figs. 114 and 115 
X^l) runs for some distance parallel to the pneumogastrie, separated 
from it by the petrokyoideu^ IV\ arriving' at the hinder comu of 
the hyoid bone the nerve loops round the Arteria pulmonalisy and 
divides into two branches for the supply of the larynx. 

g. The Rami gasirici (Fig. 114 Xyj) are usually two in number : 
they pierce the partial diaphragm formed by the anterior fibres of 
the 3/. obliqvus intermis and terminate in the walls of the stomach. 

h. The Rami pulmonales (Figs. 114 and 115 X3/;) also perforate 
the partial diaphragm, and then course along the pulmonary arteries 
to the lungs. 

i. The Ramus canliacus (Figs. 114 and 115 Xy), This nerve 
IS usually smaller on the right side than on the left ; it passes 
along the dorsal surface of the pulmonary artery and Vena cava 
ftiiperior to the Siiins venoms ) in this course it gives ofE two or three 
twigs to the roots of the lungs : the two nerves communicate just 
before reaching the heart and pass on to the auricular septum, 
whence they are distributed to the heart. 

j. A slender Laryngeal nerve arises from the vagus alongside 
the Ramus canliacus ; it courses along the hinder end of the greater 
comu of the hyoid to the outer side of the pharynx, which it 
pierces to pass to the larynx. 

F. The Spinal Nerves. 

I. Gtoneral description. Ten pairs of nerves arise^ as already 
described (p. 135), from the spinal cord ; each nerve has two 
roots, a ventral or anterior, and a dorsal or posterior, which unite 
at their points of exit from the intervertebral foramen : just 
before, and for a short distance beyond this union, each dorsal 
root bears a ganglionic enlargement. 

1. The length and direction of the various Nerve-roots vary 
greatly; the roots of fhe anterior spinal nerves run a very short 
cour^, almost transversely outwards, from their points of origin to 
the intervertebral foramina : the roots of the middle and posterior 
nerves, in consequence of the vertebral column being considerably 
longer than that part of the cord belonging to it, pass obliquely 
backwards to the foramina, the hinder nerves of the Cauda equina 
running for a considerable distance in the vertcl^ral canal (Fig. 1 1 6). 
The relations of these root« are as follows : — 
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{]) The roots of the first nerve (-V. hypofffomv*) arise from the 
KpinaJ (-orti at a point between the first and second vertebrae; they 
nin transven<ely outwards to escape between the first and second 
vertebrae. The dorsal root is estrcmely slendw. 

Kg. -'7. 



(2) The roots of 


the second nerve (jV. 


The nervoui >T>t«ii «l Ham, «- 
CHlfita. ittta Uw notnl nr- 
fxs. (Kconi Inn* ybjMa- 
llig» by d. Eckw. PL XXIV, 


*■ F^Wniirrt. 


U OpUctncL 
Lap OpUalobiL 
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brachial^) arise at the level of the second vertebra and leave the 
vertebral canal between the second and third vertebrae. 

(3) The roots of the third nerve arise from the cord between the 
second and third vertebrae, and pass out between the third and 
fourth vertebrae. 

(4) The fourth nerve arises by its two roots at the level of the 
fourth vertebra, and quits the vertebral canal between the fourth 
and fifth vertebrae. 

(5) The fifth nerve arises opposite the fourth vertebra, and passes 
outwards and slightly backwards to the foramen between the fifth 
and sixth vertebrae. 

(6) The roots of the sixth nerve are attached to the cord opposite 
the fourth vertebra, and leave the vertebral canal between the 
sixth and seventh vertebrae. 

(7) The seventh nerve arises from the cord at a point between 
the fourth and fifth vertebrae, and leaves the canal between the 
seventh and eighth vertebrae. 

(8) The eighth nerve quits the cord at a point opposite the arti- 
culation between the fifth and sixth vertebrae, then nms backwaitis 
to the eighth vertebra, and escapes between this and the ninth 
vertebra. 

(9) The ninth nerve arises at the level of the sixth vertebra, and 
passes out between the sacrum (ninth vertebra) and the urostyle. 

(10) The tenth ner\x» [N. rucct/(/ei(s) arises from the cord immedi- 
ately beliind the ninth nerve and opposite the sixth vertebra, and 
courses alongside the tenuinal filament to jmss out through a fora- 
men in the urostyle (ra?ia/i^ covci/gena), 

b. [The Spinal ganglia (fjauglla inierveriehralia). 
At their exit from the intervertebral foramen the two roots of 
each iierN'e unite and bear a ganglionic enlargement, which is in 
intimate connection with the doi'sal root. ])ut is merelv in contact 
with the ventral root. The ganglia lie * in the hirge intervertebral 
depressions, upon the under surface of flie Vruc. obliqui^ aliove and 
behind, being in relation with the bodies of the vertebrae internally, 
and the Mvsculi 'mfertrauifverifarii externa lly (Fig. 119); ventrally 
the ganglia are, more or less, covered by tlie * j)criganglionic glands/ 
The ganglia vary much in size ; that of the first spinal nerve is the 

* The OuHtfl. c*>rci/gettm is in the urostyle. 
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The sheath oontaitiB nerve-cells and 
fibres, and sends in a few Ime processes 1x) 
support these structures. The fibres of 
the posterior root enter and pass out of 
the ganglion without Kufferinjif any 
changes, except that the ner^e fibree are : 
slightly separated by the presence oE a 
few nerve-cells, and that a distinct in- 
crease in the number of nerve fibres takes 
place. The nerve-cells, of which the 
ganglion ia chiefly composed, and upon 
the number of which its size directly de- 
pends, are arranj^ed chiefly around the 
fibres of the dorsal root ; such few tts 
lie between the fibres are smaller than 
the rest and vary more in their relative 
numbers ; at times one or two isolated 
cells are found in the capsule or even in 
the adjoining ' periganglionic gland.' 
The celb near the capsule are somewhat 
smaller than the deeper cells ^. Each of 
these cells, which are usually pear-shaped, 
possesses only one process ; the cell mem- 
brane is thick, resistant, and possessed of 

an external nucleated, endothelial covering, the space around 
being probably a pericellular lymph-space ; it often contains one to 
three small fat-globules ; the protoplasm 
of these has, according to v. Lenhoss^k, 
A concentric fibrillation; tjie nucleus is 
round, clear, and distinct,|iiMl relatively 
latter the smaller the niiw-cell; it is 
usually placed in the centre of the cell. 

In that portion of the cell towards the 
process is a i>ortion brighter and less 
easily stained than the rest of the cell 
(Polarkemen, Courvoisier); this apparent- 
ly possesses one or two nuclei, and in 
regarded as a cell by Lenlioss^k (Polar- 
zellen); the process of each cell soon 
acquires a medullated sheath, and after 
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a short course, 009 mm. to 0*35 mm., divides usually about the 
third constriction (Lenhossflc). These processes all pass peripherally, 
even those which appear at first to pass in the opposite direction 
curve round a^ain ; it is chiefly due to these fibres that the spinal 
nerve is larger than its two roots. 

In addition to the above, smaller, irregular cells from 5 fi to 7 fx 
in length are found ; Rawitz regards them as young cells, Len- 
hossek as cells capable of (entwicklungsfahige) developing into 
nerv'^e-cells. The ganglia contain only few blood-vessels.] 

The above description is founded upon that of Lenhoss^k, and 
has been confirmed by the translator in every particular, except 
that only very indistinct and unsatisfactory indications of the con- 
centric fibrillation so clearly delineated by Lenhossek were obtained ; 
the structure of the Gasserian ganglion was found to correspond 
exactly with the description here given of the structure of the 
spinal ganglia. The nucleus was oftener at the side than at the 
centre of the cell. 

o. The ' Feriganglionio Glands^ (Periganglionare Kalkdnisen, 
V. Lenhossek ; Kalksackchen, Ecker, and others ; Crystal capsules, 
Wyman; Calcareous Sacs or Masses, of other wi'iters), (Fig. 119). 
These bodies are found on the ganglia of all the spinal nerves and 
on the Gasserian ganglion of the trigeminal nerve; they have recently 
been carefully investigated by v. Lenhossek. According to his 
description there are usually two to each ganglion, lying on its 
sides and ventral surface ; each consists of a connective-tissue cap- 
sule which sends in a few fine trabeculae to support a system of 
glandular tubes : these usually run parallel to the long axis of the 
gland, and are about 14 /x to 15 /x in diameter; each tube is lined 
with a single layer, of somewhat columnar epithelium, the cells of 
which have sharp, distinct outlines and oval nuclei. 

A viemhrana irropria was not made out with certainty; the limien 
of the tubes is wide and contains a milky fluid, which gives the 
whole structure its characteristic appearance ; it has long been 
knowTi (Blasius, 1681, mentions the fact, /. t\, p. 291) that this fluid 
contains calcareous matter, whicli effervesces and dissolves in the 
presence of hydrochloric acid ; the crystals vary in form but are 
chiefly oval (Wyman). 

These glands bear no definite proportion to the size of the 
nerves to which they are attached (Fig. 118); they already contain 
calcareous matter during the tadpole stage before tne limbs are 
develoi>ed (Stannius, Wyman). No ducts have been traced to 
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these gUnds. Thie description, founded upon that of Lcnhoes^k, 
can be oonfinned by the translator in every particular; his sectionSj 
however, would lead him to believe that the glands are far more 
vascular than the description and the drawings of Lenhoss^ 
imply.] 

d. The Branches of the complete spinal nerves formed by the 
union of the dorsal and ventral roots with the ganglion (Fig. lao) 
are usually described as two, a dorsal and a ventral branch, which 
latter at once gives off a Bamm communicatiB to the sympathetic 
system ; these two branches are given off almost immediately 
beyond the ganglion. 



II. The Individual Nerves. 

A. The Dorsal Branches (Fig. 121). 

The dorsal branches are smaller than the ventral ; they pass up- 
wards between the inner borders of the Miigc. iiifer/ransvertarii and 
the articular processes of the vertebrae to reach the under surface 
of the M. Ifivgminnw tlm-ni ; the general course of these nerves is 
very similar for all ; each nerve gives off — 

(a) A twig to the Mn»c. inlertran*- 
renarivs and then divides into two 
branches. 

(b) A Ramm mntculari* (Fig. 121 
mt), which passes outn'ards to supply 
the J/. lougi»»imu9 doriti. 

(c) A Ramn»ciifatieKS {Fig. \ 21 re); 
this nerve continues under the ex- 
tensor muscle of the back, running 
on the arch of the vertebra towards 
the middle line; it then pierces the 
muscle and Fascia doraalis to reach 
the large dorsal lymph -sac (Sarc. 
eramo - dor»ali»), through which it 
courses to end in the skin. In its 
course through the sac the nerve is 
connected with a small artery and 
vein by a small amount of connec- 
tive-tissue, the whole being enclosed 
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in a sheath of endothelium continuous with that of the general 
cavity. 

The three anterior cutaneous nerves pierce the Fascia dorsalis near 
the spinous processes, the fourth a little to the side, the fifth perfo- 
rates the M. cocci/geo'iliacus at about the junction of its anterior and 
middle thirds; the sixth and seventh perforate the same muscle, 
but more posteriorly. There are seven of these Rami cutanei, the 
first coming from the second spinal nerve, the rest from the suc- 
ceeding six spinal nerves. 

B. The Ventral Branches. 

The ventral branches of the spinal nerves are larger than their 
corresponding dorsal branches : each nerve ^ives ofE immediately 
a Rarmis communicans to the sympathetic system (Figs. 117 SM, 
1 20 C); these Rami communicantes will be described with the sjnm- 
pathetic system ; the remaining portions of the ventral divisions of 
the original spinal nerves are usually known as the spinal nerves ; 
they will be described as such in detail. 

1. The hypoglossal nerve ^ {N. hypoglmsus, N. spinalis /), (Figs. 
114, 115, and 117 3/1), or first spinal nerve, is of small size; it 
leaves the vertebral canal between the first and second vertebrae to 
lie between the Musculi ifdertransversarii and the pharynx, where it 
has in front the Arleria vertebralis, behind the Arteria and Nervus 
brachialis ; passing under the Levator anguli scajtulae^ it touches the 
Aorta ascendens and crosses the Vagtis and the Carotid-gland, and 
thus reaches the space between the Musculi sterno-kyoidei and the 
RetrO'hyoideus ; then curving forwards sharply it turns under the 
MylO'hyoideus to course between the fibres of the Gettio-hyoideus to 
the root of the tongue, where it ends. It first lies to the inner and 
then to the outer side of the glossopharyngeal nerve. In its course 
the nerve gives off the following branches : — 

{a) One or two communicating twigs (Figs. 1 14 and 122) to the 
second spinal nerve. 

^ [Observers have differed considerably as tp the relations of this nerve : Volkmann 
describes it as the first nerve of the neck, and describes a ganglion on its dorsal 
root; Vogt denies the presence of this ganglion, and regards it as a true cranial 
nerve ; Stannius asserts that no ganglion exists, and holds the nerve to represent the 
first two spinal nerves ; Wyman describes the two roots and regards it as a spinal 
nerve ; Hoffmann regards this nerve as the second spinal (N. spinalis 11) : FUr- 
bringer as the representative of two spinal nerves ; de Watteville describes two roots 
and names it first spinal nerve. — ^Trans.] 
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(b) Muscular twigs to the Longissimus dorsi, lutertramversarii 
capitis, Levator anguli scapulae^ and the Retrahens scapiilae, 

{c) When near the glossopharyngeal it supplies twigs to the 
GeniohyoideuSy SternoAyoidetis, and Omokyoideus, where it bifurcates. 

(d) One of the branches passes inwards to supply the Hyoglosms. 

(e) The other terminal branch passes forwards with the Ramus 
lingualis and the glossopharyngeal, between the fibres of the Genio- 
Ayoideus, which it partially supplies, and sends twigs to the neigh- 
bouring parts. 

(/) [Hoffmann describes a conmiunicating branch to the pneu- 
mogastric nerve, which the translator has not been able to discover, 
and which no other observer has mentioned.] 

2. The Beoond spinal or brachial nerve (N, bracAialis, N, spinalis 
II), (Fig. 12 a) is a large nerve, leaving the vertebral canal between 
the second and third vertebrae ; it then accompanies the Art. axil- 
laris along the anterior border of the transverse process of the third 
vertebra, over the hinder end of the Muse, levator scapulae and the 
anterior end of the m, transverso-scapidaris major, to the inner border 
of the Muse, suhscapularis, under which it passes into the arm. In 
this bourse it gives off or receives the following branches : — 

(a) It first receives a branch from the second spinal nerve. 

(i) It gives off a large branch, the N. eoraco-clavicularis (Fig. 122 
Cc), which first accompanies a branch of the Art. axillaris on the 
Muse, levat. scapulae, then courses forwards and outwards over the 
Muse, suhscapularis to pass from above into the Foramen ovale be- 
tween the clavicle and coracoid bones. It gives off two branches : 

(i) One immediately beyond its origin, which runs backwards 
over the Mtisc. suhscapularis to supply the Muse, ohliq. abdominis in- 
temus (Fig. 1 22 Cc). 

(2) While in the Foramen ovale, the N. coraco-clavicularis bifur- 
cates ; the anterior twig runs forwards and outwards to the deltoideus 
and also supplies a recurrent filament to the Muse, stemo-radialis ; 
the posterior twig enters the upper surface of the Muse, stemo- 
radialis. 

(c) At the outer extremity of the Muse, transverso-scapularis the 
brachial nerve gives off a posterior branch, which at once bifurcates : 

(i) The first branch passes into the under surface of the Muse, 
latissimus dorsi [Id), giving a twig to the Infraspinatus. 

(2) The second is the Ramus cutaneus axillaris (He) ; it passes on 
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the under siirfaee and posterior border of the Mnac, lalunmuM d 
to the skin of axilla and dorsal eurface of the upper arm, 

{d) Several Bmall branches are griven off from the upper and an^ 
terior surfaees of the brat^hial nerve near the Foramen ora/e ; they 
aci'ompany an artery to pass forwards and npwards between the 
3Iu»c. »iihitcapiilark and the M. traHKrcrso-xrajmlaris on the one sidi 




Muu lav. ang. mmp. 
Hiuo, Itt donl. 
Moao. obUq. iliduDI. ic 



and the long head of the M. trleejn hraeAialin on the other, and a 
lout in the M. ileHoUleut and tlie M. infranpinatiia. 

The N. hrachialU eontinues its course by jassing between ( 
long and inner heads of the M. trice})*, reaches the ann and spHj 
into two nerves, the N. nluaris and the N. raiUalk. 

[I.] TIh' N. vlnarin (Fig. 123 V) eseapea from cover of <tbe 1 
luad of the M. irieep^ and runs obliquely over its inner '. 
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towards the outer side of the I'/ica cubiti ; in this course it supplies 
four branches : 

a. The Bamut tubtcapularii passes dorsally to the M. tvi- 
neapularit. 



Fig. . 




0. A Bamu* pecto- 
rali* {Pig. 123 vp), 
p^ses forwards to the 
M. abJomino-pecl oralis 
and to the skin of 
the pectoral region (7?, 
cuianeug jtecforalU). 

y. The K. cvtaneitg 
autibrariii tiijierior ». 
media/in (nc) passes 
to the skin of the 
inner side of the fore- 
arm; this and the 
two following nerves 
are giren oS near the 
F/ica cvliti. 

6. The N. cut-anetit anUhraciii inferior ». dorgalit 1. mvtculo- 
etrfaneus (iic') at once supplies branches to the M.fieror carpi radt- 
ali»^, and then runs downwards upon the muscle and bifurcates : — 

[i] The }f. lateralis is difitributcd, by two twi^s, in the M.fi-exor 
carpi vlnaris and in the skin of the se<.-ond finger, to which it sup- 
plies the Rami diffilale» rolaris and dorgali*. 

[a] The R. domalix, after giving a cutaneous twig to the second 
finger, is distributed by numerous twigs to the skin of the dorsal 
surface of the hand. 

The N. vlnaris then passes between the M.fiexor carpi radialt* and 
the tendon of the M. sferno-rat/ialis, sinks deeply into the Plica 
cudifi, where it lies between the 3f. flexor carpi radialis and the 
Flexor carpi vlnaris, then between the latter and the Flexor anti- 
f/raekii medialU on the one side and the Flexor digitornia commnnis on 
the other : it supplies branches to all these muscles, and while still 
in the forearm divides into two terminal branches : — 

a. The R. ulnarit medialis is the smaller; it runs inwards, 
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smaller terminal branch', supplies a branch to the M, extemor digit, 
comtn, lonffus and the skin over the carpus {Ramus cuianens inferior, 
rc')y and ends on the muscles of the little finger as the R, dorsalis 
digiti V medialis. 

e. The R, radialis laf-eralis (R), the larger of the two branches, 
supplies the extensor muscles of the fingers and gives bifurcating 
branches, Rami digitales dorsales, to the adjacent sides of the second, 
third, fourth, and fifth fingers (the Ramus dorsalis lateralis of the 
second finger is supplied by the iV^. ulnaris). 

3. The third spinal nerve {N. spinalis III) (Fig. 122 8II1) leaves 
the vertebral canal by the foramen between the third and fourth 
vertebrae, and runs outwards and forwards upon the large transverse 
process of the third vertebra to the brachial nerve {N, spinalis 11), 
Its behaviour at this point is subject to considerable variation ; at 
times it joins the brachial nerve completely, at other times the two 
nerves are simply in contact ; or lastly, it may send a small twig 
to the brachial nerve. Externally to this point the two nerves 
supply a number of small branches, which may belong almost en- 
tirely to either one nerve or the other ; these nerves again inosculate 
in a variable manner, to form an axillary plexus. The more con- 
stant branches are : — 

(i) One or more twigs to the Muse, transverso-seaj/ularis major, 
(2) Several branches, usually two larger and one smaller ; they 
course in the M, obliq, abdotn, internus (Fig. 122 oi) to the M, rectus, 
where they give off branches, then pierce the muscle to reach the 
skin (R. cutaneus aldominalis), (Fig. 122 IIIc), 

4. The fourth spinal nerve (N, spinalis IF) (Fig. 126 M4) 
appears between the fourth and fifth vertebrae; it runs on the 
ventral surface of the transverse process of the fifth vertebra and 
upon the Muse, intertransversarius obliquely outwards and down- 
wards, and reaches the deeper surface of the llu^c, ohliquus internum, 
into which it descends, about opposite the articulation between the 
eighth and ninth vertebrae ; it then bifurcates into : — 

(i) A Ramus cutaneus abdominalis, which pierces the muscle and 
supplies the skin. 

(2) A Ramus muscularis, which supplies the broad abdominal 
muscle and the M, rectus abdominis, 

6. The fifth spinal nerve {N, spinalis V) (Fig. 126 i/5) emerges 
through the foramen between the fifth and sixth vertebrae, runs 
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127 M*]^ MS, Mg, and J/io) are* best described together, as 
they are intimately associated to form the sciatic plexus (Plexus 
ischia,dicus^ Plexus cruralis). 

Within the vertebral canal the roots of these nerves form the 
Caiula equina; the seventh nerve leaves the canal between the 
seventh and eighth vertebrae, the eighth nerv^e between the eighth 
and ninth vertebrae, the ninth between the sacrum or ninth ver- 
tebra and the urostyle, and the tenth by the Canalls coccygeus in 
the urostyle ; from these points the four nerves run obliquely on 
the ventral surface of the M, ilio-coccygeus to the pelvis, where they 
form the sciatic plexus. Although subject to some variation, the 
usual arrangement is that the seventh and eighth nerves imite to 
form a trunk, which then receives the ninth nerve ; the large nerve 
so formed is the sciatic nerve : a branch of the tenth usually then 
joins either the sciatic plexus or the sciatic nerve ; the plexus gives 
off or receives the following branches : — 

(a) Like other spinal nerves, these nerves give off Kami communi- 
cantes (see Sympathetic System). 

(b) The M, ilio-hypogasiricus (Fig. 127 M^a). This arises from 
the seventh spinal nerve, before its union with the eighth spinal 
nerve; it runs obliquely outwards and downwards on the Mutcc, 
ilio-coccygeus and under the border of the J/. ohUquns abdom, in- 
teruus, where it bifurcates : — 

(1) One branch, the Ramus cutaneus abdominalis, pierces the 
M, obliq, aldom, iiiternus in the same fashion as the cutaneous 
branches of the fourth, fifth, and sixth spinal nerves j it supplies 
the skin of the abdomen. 

(2) The second or Ramus muscular is supplies the flat abdominal 
muscles and the M, rectus abdominis, 

(c) The M. cruralis (Fig. 127 M^jh) also arises from the seventh 
spinal nerve at or just beyond its point of union with the eighth 
spinal nerve. It accompanies the A, cruralis on the pelvic wall to 
the thigh, where it lies upon the J/, ilio-psoas in a triangle between 
the J/, rectus fern, anterior and the M, adductor fougus, and divides 
into two main branches ; — 

(1) Muscular twigs to the M, ilio-j)soas, M, rectus femoris anticuSy 
MM. adduct&res longus and brevis. 

(2) The Ramus cutaneus femoris^ which runs downw^ards in the 
hinder wall of the Lymph-sac (Saccus iliaruj<), and supplies the skin 
of the under and outer surfaces of the thigh. 
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the coccygeal nerve immediately beyond the Canalis coccygeu9^ 
perforates the M, iHo^coccygeuSy and runs on its dorsal surface 
obliquely over the lymph-heart, without supplying it; the nerve 
then pierces the fascia to supply the skin of the back and thigh. 

{e) The Bamns abdominalis also arises from the coccygeal nerve ; 
it is larger than the R, dormlisy and arises at the same point ; the 
nerve runs on the ventral surface of the 3/. ilio-coccygeus towards the 
lymph-heart, and inosculates with the sympathetic. It is from this 
nerve that the branch to the sciatic plexus is usually given ofE ; it 
further supplies a varying number of branches, which with branches 
derived directly or indirectly from the sciatic nerve, form a plexus 
{Plexm coccygeufi) ; the two plexuses may together be regarded as a 
PleTtts ischio'coccygeus or a Plexus aacro-coceygeus, 

(/) In addition to the Batni rommunicanies given off by the spinal 
nerves near the vertebral column, the sciatic plexus supplies a few 
twigs, usually two (Fig. 1 27). 

(g) Other small twigs pass from the sympathetic system for- 
wards and outwards to join the sciatic plexus or the sciatic nerve. 
According to Waldeyer two of these are very constant. 

(^) Branches to the oviduct (Fig. 127 b). 

(i) Branches to the rectum (Fig. 127 cc). 

(i) Branches to the bladder (Fig. 127 d), 

(/) Branches to the 3L levator ani (Fig. 127 a'). 

(m) A branch to the lymph-heart, which runs along the anterior 
border of the M, lev, ani, on to its dorsal surface, and then direct to 
the lymph-heart. 

Variations in the sciatic plexus. The arrangement of the 
nerves in the sciatic plexus is subject to many variations ; ac- 
cording to Wiedersheim most of these variations belong to two 
chief classes : either the N, coccygens inosculates directly with the 
ninth spinal nerve by one or several branches, or it joins the ninth 
nerve indirectly by uniting with its branches. A case of the 
latter arrangement is seen in Fig. 127, and is thus described by 
Wiedersheim : — 

* After cutting through the pelvic symphysis and drawing to one 
side the contained viscera, namely, the hinder end of the oviduct, 
the rectum, and the bladder, one sees a row of small twigs (a, i. 
re, ^/, and e) arising from the inner, hinder, and anterior surfaces of 
the ninth spinal nerve: the first [a) runs backwards parallel with 
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the iV. coccygem over the 3/. ilio-coccifgend to join this nerve at the 
point marked Com, The twig cc behaves in like manner after re- 
ceiving a twig from b. The twig b arises from the inner surface of 
the ninth nerve between the two foregoing and close to its union 
with the eighth spinal njerve ; from this origin twig b passes almost 
transversely outwards to the hinder extremity of the oviduct 
(" uterus "), and partly to the rectum, crossing in its course twig a, 
the sciatic nerve, and the urostyle. Its branches form a net- 
like plexus with the terminal branches of the last sympathetic 
ganglion and with a branch cc from the point of imion Com, 

^ A second branch [a), arising from the i)oint of junction CoWy is 
a continuation of the N, coccifgem (il/io) ; it passes vertically down- 
wards towards the hinder end of the cloaca and at the upper border 
of the Levator aid, divides into two branches, which are distributed 
to the inner and outer surfaces of this muscle and to the cloaca. 
Other branches pass dorsally to the lymph-hearts, while a third set 
pass to the hindermost part of the bladder. 

' These three sets of nerves, to the 3/. coccygens, M, levator aui, 

and to the lymph-hearts, are not supplied entirely by the N. coccy- 

genSy as this is reinforced by one or more branches (e) from the 

sciatic plexus : this branch (e) supplies twigs to the M, ilio-coccygeu^y 

, w^hich is also supplied anteriorly from the trunk of the N, coccygeus. 

^ The bladder rec^eives a special branch {<l)y w^iich arises from the 
sciatic plexus at the junction of the eighth and ninth spinal nerves ; 
this nerve gives a twig ((V) to the M, iliacus.' 

I. The sciatic nerve {N, ischiadlcuii) (Fig. ia8 /) is the largest 
nerve of the body; it passes under the J/, coccygev^y between the 
origins of the M, vadm exteruus and of the M. pyrainidalis : lies then 
between the i)/. bice])^ and the M, pyramid alls ^ and later between the 
M, biceps and the 3/. semimembranosus ; lastly, it bifurcates under 
the Al, biceps to form the N. tibialis [II) and the A^. peroneus {HI), 
In this course it gives ofE : — 

(a) A twig to the M, coccygeo-iUacuSy while still in the pelvis. 

(b) The N, cidaneus femoris posterior (Fig. 128, 2), w^hich passes be- 
tween the M. pyramidalis and the J/, vastus externnSy to appear behind 
and beneath the former ; it accompanies an artery of like name to 
supply the skin of the hinder and inner surfaces of the thigh. 

(c) \ little below the foregoing it gives ofE a collateral branch 
(Fig. 128, 3), which passes under the M. pyramidalis and divides to 
form — 
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(i) A bmncli to the upper third of the M. Mtnimembranogu*. 

(3) A branch to the Rectm iniertitts minor. A twig of this 
branch (66) piercea the muBcIe transversely in company with the 
Arieria cutanea, and passes to the skin of the middle of the inner 
surface of the thigh. 

(3) Branches to both heads of the semifeadinotus. 

(4) Branches to the M. adductor wagnv4. 

(d) Blanches covered by 

the M. ptframidalit to the Fig. laS. 

M. quadrat. femorU and M. 

obturator. 

(e) A branch {5) forwards 
to the M. 6ice/)». 

(f) A branch (6) which 
accompanies the Art. circum- 
Jtexa ffg»u lateralis tup. for- 
wards to the M. exten*ore» 
/•ruri», the if. vagtug esctemux, 
und the 3/. rertm anterior. 
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II. The Ne7-vii» tibtali* (Figs. 


128 //, 189 ^ paeses backwards 


and inwards to supply the extensors of the foot and the Hexore of 


the toes. Its branches are :~ 




(a) The R. culaneiu rrurU pMlerior {Piga. 1 28 and 1 29 et), w- 


rompanied by an artery and vein. 


passes to the skin of the calf. 


(li) A twig to the upper pnrt 


f the gastrocnemius (Fig. 129/). 


Kif. !■")■ 


The main nurve, after siipplyinjf 


lliis twig, bifurcates tr, f.mii the 


k.i JiiJinj. 


next two nerveK. 


B^BW^'gSMit. 


(c) The AVrr-^« ^»rall>i {Hgs. 


^HhPw^^''^ 


128, 8; 129 «) nins doHHiwards 


w^KUj^^^ 


on the inner border of the M. 


p, r^Bi^^^'^ 


ga/ttrociimiiius and yives off : — 


.' I IHJBh 


(1) A twig {g") to the upper 


v^mKt^ "' 


tliird of the muscle. 


eUjPf\"' 


(2) The Hamiit pulaiieut mv- 


<nu« ((■») is given off below the 


H «R— — A-^ 




Bifl^a ' \ 


it passes to the skin of the 


■■^Hkw '1 


lower third of the leg. After 


fSr ^^bk'*^'' " 


giving off the latter branch, the 


if ^BBt''^ 


N. Huiiili* runs downwards along 


^ '^M'"' 


the iinier aspeet of the Temh 


achilU' to the AponeuTon'm plau- 


^^^^^K ^nffi''Wi^'^' 


tarii of the sole of the foot 


^^^^^P /Jh <''f ' '''A 


iis far a« the ealcar. and giveH 


^^^ u r /if If 


_., m 


■ J^^tiMxr. 


Ner<« or the leg uid u)e 0/ Oh (o^k^^l 




,.h-i Bnncdi to tins ». sbdnot. dl«<b V. ^^^| 




art, BnuohtotlxM. >dduct.dl(ibV. ^^H 




«r H.rccta.^t.rl^, ^H 




M^i"!-- ^ ^H 






1 '-< If^^ 


i;l Kinim unlanoM era™ pgnuior. ^^^^ 


lul EUnin. dlglulU RiUrli L 




,(W( Brn-ch .UfplTing K. dlgtt. 'r.Uri. I 


H ■' ^ i»v \u / " 


drill Sooiiul hnuKJi of tbs N. dMnIia. 




f 5 Branch K. the M. Ooi. bnr. digit. V. 




/Ip Dranem lo th« M. plimUri. and tlw 






^1 




1 






N, iiuiilii. ^^H 


N^mullbUllL ^^H 
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(3) Branches (flp) to the Mmc, plantari% and the Jf. fijexor 
digitorum. 

(4) A branch to the M. abductor hallucis, 

(5) The R, digitalis volaris I (dvl) supplies the inner side of the 
first toe by its terminal twig. 

(d) The Nervus tibialis (Fig. 129 f) passes downwards on the 
hinder surface of the tibio-fibula, sinks into the 3/. tibialis pontic us 
to appear again at its hinder border ; it then runs over the ankle- 
joint into the sole of the foot, where it lies midway in the space 
between the two Ossa tarsi and between the 3/. extensor tarsi and the 
J/, abductor digiti I longus ; the nerve then runs downwards in the 
groove of the small Os tarsi and divides to form three branches : — 

(i) The first branch {dvl I) runs to the space between the second 
and third fingers, where it bifurcates : — 

(a) The Rami digital, volaris I run transversely over the muscles 
of the second toe, supply the muscles of the first toe, and bifur- 
cate to form the R, digital, volaris I and //. 

[0) The Ram, digit, volar, //divides in the space between the 
second and third fingers to supply the Flex, phalang, and the adjacent 
sides of these toes. 

(a) The second branch (dvIII) runs over the 31, jlex. met'atarsi of 
the third toe to the space between the third and fourth toes, and 
bifurcates to supply the adjacent sides of these toes and the web 
between them. 

(3) The third branch at once divides to supply : — 

(a) The M. transv, metatarsi, 

(fi) The MM, lumbricales of the fourth toe. 

(y) The M, abductor digit, V (ab^)y the M. flexor brevis dig, V 
(F^), and the M, adductor dig, V (ad^) ; it then ends as — 

• (6) A bifurcating branch forming the R, digit, volar, of the fourth 
and fifth toes. 

III. The Is^ervus peroneus {N, peroneus communis superior y Ecker), 
(Fig. 130 joc) is the second division of the sciatic nerve; it passes 
between the outer head of origin of the M, gastrocnemius and the 
tendon of insertion of the M, biceps^ it then lies on the tibio-fibula 
between the M, gastrocnemius and the M, peroneus y where it is ac- 
companied by the Vena tibialis postica, then runs downwards upon 
the M, extensor crui'is and the Flexor tarsi ant,, and passes under 
the 3f, tibial, anticus and bifurcates ; its branches are : — 

o 2 
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a, The JV. rulaueug eruri» lateralis {Fig. 1 28 cp) ; which, like otber 
putaneous nerves, runs in a common sheath toother with an artery 
and vein to the skin. It arises close to the sciatic nerve. 

b. Muscular bi-anches to the MM. peroneu*, fibia/is aiitiem 
', and thejfexor tarsi aulerior. 

a. The N. pe rone M me/fia/i* (Fig. 
130 pm) is the smaller o£ the two 
terminal branches of the N. jx^ro- 
Meus ; it courses with the Art. tihi- 
aU» antiea under the MM. fexore* 
tarti anferhr and pogferior and sup- 
plies the latter. 

d. The N. jieroiteus laterali* (Yig. 
1 30 ]jI) is the larger tei^minal braneh 
of the N. jieroneu* ; it passes down- 
wards between the heada of the ,1/. 
tibialis aiiticus to the tendon of origin 
of the Flexor tarti poxterior, where it 
B^ivesoff two branches (Nob, land 2); 
the nerve then unites with the .A'. 
jieroneu* kf-emlit to form a d 
stem, the N. iiennirfun fomi 

ftrioT (Ecker). The S. 2m-oH» 
lateralii gives off : — 

(l) The N. cHtaueu* . 
lateralin (fpl), which passes to the 
skin of the outer side 
dorsum of the foot. 

(3) A second branch to the M. t 
feuKor of the fourth and fifth t<reB. ] 

e. The A', peronev* fommmi, 
ferioT (Fig. 130 pci) runs un the 
dorsum of the foot in company witli 
the AH. liorsalis petlis, nndemealh 
the MM. extenvirex lU^fi I and // ; 
it supplies several branches and then 
bifurcates. It gives off : — 

(1) Branches to the J/J/, 
■ I'lngii'^ and lirrri* iHgUi I, 




tlu> 



o^.^ 
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(2) Rami digif^les darsales to the adjacent sides of . the first and 
second toes. 

(3) Branches to the MM, extensoreif dig it i IL 

(4) The inner, terminal branch (Fig. 130 A) at once divides : — 
(a) The outer branch runs between the third and fourth toes as 

far as the commencement of the web, where it bifurcates to form 
two Rami cutanei, which course along the adjacent sides of these 
toes as far as their apices. 

(^) The inner branch passes to the extensor muscle, and, in part, 
to the adjacent sides of the third and fourth toes. 

(5) The outer, terminal branch (Fig. 130 B) of the N.peroneus 
communis inferior passes to the muscles of the fourth and fifth toes, 
and supplies Rami cutanei darmles to the outer side of the fourth 
and inner side of the fifth toes. 

Cutaneous branches of the N, tibialis supply the outer side of the 
fifth and inner side of the first toe. 

G. The Sympathetic System (Sympathicus), 
{Re-written by the translator.) 

The sympathetic oord or chain is a row of nervous ganglia 
(vertebral or lateral ganglia), connected by nerve-fibres, and lying 
on either side of the vertebral colunm (Figs. 117 and 131); with 
the exception of the last spinal nerve there is usually one sympa- 
thetic ganglion associated with each spinal nerve ; in the case of the 
tenth spinal nerve there may be only one ganglion or as many 
as twelve. 

The first ganglion (Figs. 11 1, opposite ics; 117 5i) is placed on 
the hypoglossal nerve just as it emerges from the first intervertebral 
foramen; it is large, but smaller than the second; its Ramus 
communicans is represented by several fine and very short fibres, 
which connect the ganglion with the nerve. This ganglion is con- 
nected with the second by two or three nervous threads, between 
which passes the subclavian artery, a true Annulus Vieussenii being 
thus formed (de Watteville). The other ganglia are connected by 
single bands of fibres. The first ganglion supplies also branches to 
the axillary artery and to the cardiac plexus. 

The second ganglion (Figs. 117 and 131) is the largest, and is 
closely applied to the brachial nerve ; as in the case of the first 
ganglion and hypoglossal nerve, it is attached to the second spinal 
nerve without a distinctly marked Ramus communicans. 
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The third ganglion (fi(i«yio« card/acr/m l,aiia/e,Gai7]ie]l AtidGaddf 
is Bometimes fused with the second, but is usually close to the tM 
spinal nerve : it has a short but distinct Ramiig comtniinieai 

Behind the third ganglion the sympathetic cord is continued b 
wards along the corresponding aortic arch, then parnllel with a 



close to the abdominal aorta (Figs. 



7, and 131), 
/{ami r'lllllllrlHicaHfe*,vlh.ieh^ 
lung and well marked, 
each of the spinal nerv 
the fourth, fifth, and s 
nen cb u&uallj supply 
one H^iiiiii' ro/inuutiicaif*, 
ne\enth two, and the ei{ 
dud mnth eafh two or thw 
trnm the tenth nerve it 1 
i\cs three or more, as mnj 
tneKe having been note 
I he ganglia are usually r 
I It'll spmdle-hhaped or flat- 
ned and triangular ; the 
1 1 1 iider part of the cord usuf 
receives in addition two ^ 
three branches from the » 
plexus and tm'gs from 1 
R. aMitminari' of the 

The branches and c 
iiications of the Byrapatbii 
' cords are as follows :- 

I a. Communicating bran chejt 
between the two cords ; tlieeo 
' are extremely numerous and 
irregular, forming a uet-like 
plexus, which surrotmds the 
abdominal aorta and other adjacent structures, and gives 
nmnerous small twigs to the neighbouring vessels and oi^ana. 

b. Communications with the cranial nerves ; these are 1 
branches (Wiedersheim), (Figs. 111 and 116) which pass from I 
first ganglion to the Ganglion iierti vaffi, where one terminatei, if 
other leaves the ganglion to pass on to the Gasserian \ 
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(Figs. Ill and ii6 FS) : according to Gaskell a single nerve passes 
from the first ganglion to the Ganglion nervi vagi^ whence one 
portion of its fibres is continued to the Gasserian ganglion, the re- 
mainder accompanying the pneumogastric nerve without any con- 
nectioii with the ganglion; he therefore names this nerve the 
vago-sympathetic. (See Gasserian ganglion^ p. i68.) 

c. Communications with the spinal nerves ; these are : — 

(i) The Rami communicantes. 

(a) Communications between the sympathetic ganglia or their 
branches and the spinal nerves or their branches (Fig. 117); by 
means of these connections, fibres of the sympathetic system are 
conducted by the spinal nerves and their branches to all parts of 
the body. 

d. Branches to the heart, which form the following ganglia : — 
(i) A relatively large plexus lies on the auricles in the median 

plane immediately beneath the division of the M. hyoglog^m. It 
supplies a network of fibres to the auricles and the adjacent large 
vessels. It is said to communicate at various points with the 
pneumogastric nerve. 

(a) A smaller ganglion of oval form, supplies twigs to the 
neighbouring vessels and a communicating branch to the hypo- 
glossal nerve (Wiedersheim). 

e. Branches to the abdominal viscera; these form intricate 
plexuses by which the organs are supplied : the ohe best known 
is the solar plexus (Fig. 131); it is formed chiefly from branches 
derived from the third, fourth, and fifth ganglia, and supplies 
the stomach, etc. ; other plexuses for the various viscera are known 
by corresponding names, such are the Plexus hejyaticus^ renalis, geni- 
talis, haemorrhoidaliSy and vesicalis. 

The sympathetic system is characterised by the fact that the 
branches form intricate plexuses, which include nimierous ganglia 
and which are very irregular; it is also characteristic that most 
of its fibres are non-medullated. According to the investigations 
of Gaskell, the fibres of the sympathetic system arise in mam- 
malia as very fine medullated fibres from the posterior vesicular 
(darkens) columns (Mason has recently described cells in the 
frog's spinal cord, which he holds to be homologous with the cells 
of these columns) ; they leave the cord by both the ventral and 
dorsal roots of the spinal nerves, and are thus connected with two 
sets of ganglia, (1) with the ganglia of the dorsal roots, and (2) 
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through the liami roinmniticaiife* with the eympathetic gang'lia (vef- 
tebral or lateral ganglia) ; these two sets of ^nglia Gaskell terms 
proximal. By means of the bra,ncheB from the nymjmthetic ganglia 
[Rami effereuteg) part of the fibres pass to another set of ganglia, the 
Bolar plexus, etc., which he terms prevertebral or eoUateral ; from 
these the fibres pass to be distributed to the various viscera and blood- 
vessels, where a fourth set of very small ganglia (terminal ganglia) 
is found. The prevertebral and terminal ganglia are together classed 
as distal ganglia, Gaskell holds that the fine mediiUated fibres 
from the cord lose their medullary sheath in one or other of these 
ganglia according to the function they fulfil. 

The inhibitory fibres of the heart and vaeo-dilator fibres of the 
blood-vessels cojitmue as white fibres along the vago-8ymi>athetic and 
spinal nerves to the distal ganglia (Bidder's ganglion, etc.), where 
the medullary sheath disappears l whereas the 'augmentor' fibres of 
the heart and vaso-constrietor fibres of the blood-vessels lose their 
medullary sheath in the proximal ganglia and \>&bs on as non- 
medullated fibres. In the same way the ner\-e-fibres that bring 
about contraction of the circular muscle fibres of the hollow viscera 
lose their medullary sheaths in the proximal ganglia, while those 
fibres, the influence of which negatives the former, l>eeome paJe 
fibres in the distal ganglia. 

Waters has demonstrated that in the frog the various spinal 
nerves have each a localised physiological aetion upon the blood- 
vessels and muscular walls of various parts of the alimentary canal'j 
he shows that ■ 

The third spinal nerve supplies the oesophagus. ' 

The fourth spinal nerve supplies the stomach. 

The fifth spinaJ nerve supplies the upper third of the small 
intestine. 

The sixth spinal nerve supplies the lower two thirds of the small 
intestine. 

The seventh spinal ner\-e supplies the lai^e intestine. 

The eighth spinal nerve supplies the bladder, this supply being, 
however, not so definite as the others given above. 

It has long been known that the branches of the spinal ganglia 
(ganglia of the posterior roots) are together larger (one-third, 
Lenhoss^k), and contain more fibres than the ventral and dorsal 
roots together; this is supposed to be in part due to an aequi^tion 
of new fibres derived from the ganglia. The majority of recent 
observers hold that each ganglionic cell has only one process, which. 



THE STRUCTURE OF THE NERVE-FIBRES SYSTEM. 201 

however, soon bifurcates ; whether any of the fibres so formed pass 
as far as the cord or beyond its blood-vessels is doubted by most ob- 
servers, and denied by Gaskell. These remarks and the description 
of the cells of the spinal ganglia (p. 176) hold good for the lateral 
or vertebral ganglia and the prevertebral ganglia (solar gan- 
glion, etc.) of the sympathetic system ; the terminal ganglia will 
be described with the organs in which they are found. 

H. Histological Notes on the Neiivous System. 

(In order to render the foregoing description of the nerrous sjBtem more complete, 
the following notes have been added by the translator.) 

[The histological elements of the nervous system are nerve-cellB 
and nerve-fibres ; of these the nerve-cells have been described with 
the parts in which they occur ; it may simply be remarked that 
later observers have been unable to discover the ^ spiral cells ^ de- 
scribed by Beale, Arnold, and others. The nerve-fibres, as in most 
other animals, are of two kinds, medullated and non-medullated. 

1. Medullated nerve-fibres or white fibres are found in all cranial 
and spinal nerves, with the exception of the olfactory nerves, and 
in many of the sympathetic nerves (see Sympathetic System); 
also in the white matter of the brain and spinal cord ; examined 
microscopically the fibres are seen to consist of an external sheath or 
neurilemma, a medullary sheath, and an axis-cylinder : — 

a. The neurilemma (Sheath of Schwann, Outer or Primitive 
Sheath) is a nucleated endothelial layer covering the nerve-fibre ; 
it is continuous with the corresponding coat of the nerve-cells, audi 
is uninterrupted throughout the length of the nerve ; at the nodes, 
however, it dips down towards the axis-cylinder, the circular groove 
so formed being filled with cement substance. 

b. The medullary sheath (White substance of Schwann) ; the 
presence of this sheath is the chief cause of the whiteness of these 
nerves ; the thickness of the sheath varies considerably, and towards 
the ultimate distribution of the nerve it is entirely lost. At more 
or less regular intervals along the course of the nerve-fibre the 
continuity of the medullary sheath is broken, and gives the 
fibres the appearance of being constricted at these places ; such 
constrictions are known as nodes of Ranvier ; the portion between 
two such nodes being termed an intemode. Each internode 
possesses an oval, flattened, g^nular nucleus at about its middle 
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and placed between the neurilemma and the medullary sheath ; the 
nucleus has a nucleolus. In the fresh state the medullary sheath 
seems to be fluid ; it is of a fatty nature. 

Medullary segments are caused by breaks in the continuity 
of the medullary sheath, which are seen only in nerves which are 
no longer in their normal condition, and are especially well marked 
after treatment with osmic acid. The breaks are oblique ; hence the 
conic^bl end of one segment fits into the funnel-shaped end of the next. 
How far they correspond to pre-existent structures is uncertain. 
The segments in the frog vary in length from O'Oio to 0*040 mm. 

c. The axis-cylinder is the essential part of every nerve-fibre ; it 
shows a longitudinal striation corresponding to the fine fibrils 
(primitive fibrillae) of which it consists ; these fibrils often exhibit 
minute varicosities : at times it has the appearance of being in- 
vested with a very delicate structureless sheath. It is continuous 
through the nodes of Ranvier. 

2. Non-medullated nerve-fibres (Grey or Varicose Fibres ; Fibres 
of Remak) ; these occur chiefly in branches and plexuses of the 
sympathetic system ; they consist of a , neurilemma and an axis- 
cylinder, which agree exactly with the corresponding elements 
found in the medullated fibres. 

The nerve-fibres^ whether medullated or non-medullated, are 
bound together by connective-tissue to form nerves. A number of 
fibres bound together by connective-tissue to form a slender cord 
is known as a funiculus ; a small nerve may consist of one such 
funiculus ; the sheath surrounding it is known as the perineuriima, 
and sends in supporting processes between the fibres (endoneurium) : 
when several funiculi are bound together to form a large nerve the 
common sheath is known as the epineurium. These sheaths support 
nerves (nervi nervorum) and vessels (vasa vasorum) supplying the 
nervous elements, and their intercellular spaces form lymph-canals. 
The whole nerve is surrounded by an endothelial coat, which helps 
to form a lymph- space, which more or less completely surrounds 
the nerve. 

The ultimate distribution of the nerve-fibres will be included in 
the description of the various organs in which they end.] 
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PAET 1. 

THE HEART AND BLOOD-VESSELS. 



I. THE HEART. 

(The otiginkl uru^meDt of this aeotioD hu been modified.) 

The heart is situated in the middle line above the central portion 
of the shoulder-girdle and M. tternoi^ou7ev», and below the 
oeBophagns; the apex is directed backwards and lies between the 
lobes of the liver, the base is directed forwards and lies s short 
distance behind the larynx. The heart is surrounded by the 
pericardium. 

A. The Ferioarditim [is a 
very thin membranous sac, 
which completely encloses the 
heart ; it is attached, at some ^.'- 
distance, to the large vessels ^'- 
pBMiDg to and from the heart, 
and has inserted into it some ^-^ 
fibres of the M. obliquui ah- TA. 
dotninii intemiig (see page 70). 
A fold of the pericardium 
extends from the dorsal sur- 
&ce to the truncus arteriosns, 
and through it conrseB the 
vena csrdiaca. 

The pericardium is a con- 
nective-tissue membrane, and 
is lined on either side with 
endothelium, which is in part 
ciliated (Leydig); the endo- 
thelium of the inner surface 
is continued on to the heart 
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and so fomiB a closed lymph-sac. The pericardium is more or less 
pigmented, and oontaiiiH both vefisels and nerves ; it may contain 

fat-cells]. 

B. The Heart. 

[The heart is a hollow muEcular organ, composed o£ : (i) two 
auricles, forming the wider anterior portion ; (3) the ventricle, placed 
behind the auricles ; (3) the sinus venosus, situated dorsally ; and (4) 
the tnmeus artcriosuB, lying ventrally. Esftmined while still living, 
the auricles are seen to be much darker in colour than the ventricle, 
due to the blood being seen through their thinner walls ; between 
the auricles and the ventricle is a distinct groove, the nnripiilrt- 
»ronti-i..nlar gp^Qyp The wholc Organ is more or less pigmented, 
especially the ventricle (R. tem-poraria has much less pigment).^ 

'If- '33' a. The Smua venomu 

' (Sinvti vena}-ttM cavaruta), (Fig. 
p- 133 iSF.) is a thin -w^led sac 
lying on the dorsal sar&ce 
(^ of the heart, and very slightly 
to the right side (Hoffmann). 
r It is somewhat triangular in 
form, receiving an anterior 
caval vein at each anterior 
angle (^.), and the posterior 
caval vein (IC^ at the poste- 
rior angle. The ventral wall 
has a transverse opening (SV.), 
by which it communicatee with 
the right auricle ; the opening 
•howuie possesses two valves, an. ante- 
tsnncis; ^^^^ ^^^^ ^ posterior, and is 
pkced close to the anncolar 
septum. 

b. The anrioles [are not 
always separated, as the -sep- 
tum which usually brings about 
the sc]}aTation is in some cases 
incomplete, and in rare in- 
stances appears to be absent (Hoffmann)] ; according to Ecker, the 
auricular septum is sometimes placed so far to the left side that it 
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appears to be abeent (Fig. 135). Fig. 134. 

The fieptmn is attached to the 

walls of the auricles bo as to ^- '■' 

form two distinct cavities, which 

commimicate at the auriculo- 

ventricular opening, where the 

septum has a free concave 

border (Pig. 134). The right 

auricle is much larger tjian the 

left, and receives the systemic 

venous blood from the sinus 

venosus by the opening (Figs. 

133 and 134 8V.) already de- 
scribed. The left aiuicle re- 
ceives the blood from the lungs 
by the puhnonary vein (Fig. ^li^lirfT^TiT ih rt™^™ 
1%'i PV.), which opens into the "ni "•ii« "* the inmou »rt«ri(.iu j 

. , ' .1 . /n- MriclwiiDdieiitriclehsTBbsenroinov, 

anncle near the septum (rig. adnwingbjiii. Hant. 

134 Tf.) : [the openings from _^ 
the sinus venosus and from ^■ 
the pulmonary vein may be so c. 
closely approximated as to be p ' 

«pa»ted by the septum o«ly. '■ T^Tt™ ™i™. r. 

The septum is much thinner ^f- Oponingofpi' 



auricles open into the ventricle |^; ^X^i^^'f^^^nc™ tato right .arid.. 
by the auriculo-ventricular open- ^- vnntiioh. 

iDe(F>&- 134)- 

a. The ventriole (Figs. 132, 134, and 136 V.), examined while 
still livitag, is seen to be bluntly conical in ng. 135. 

shape and darker on the left side than on the 
right ; this is due to the ventricular wall of 
the right side, near the truncus arteriosus, being 
somewhat thinner. The inner wall is not smooth 
but possesses muscular ridges [Trabeciilae). At 
its base the ventricle communicatee with the dimcUod of m a 
auricles by the auriculo-ventricular oiH-ning j^'^'^If^^,^ 
(Figs. 134 and 136), and with the truncus to th» wi thun 1. 
arteriosus by a separate opening (Fig. 134 A.). ' 

The ventricle is lined by a layer of endocardial aa latiuiCck. 
endothelium. '' °^2i^-ima 
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The auriculo-Tontricular opening (Fi^. 134 A.) is a tu 
aperture guarded by two valves, a dorsal and a ventral : each v 

is formed by a rediifH 
cation of the endotli 
bum, and t-oDtains ] 
tijiiall amoiint of 1 
necti ve-t issue ; tts£ 
margin ie bound dot 
bv a number (a.bc 
tweive)pffil 
the chor'lae teHtlint^ 
whieh are attat-hed | 
their posterior ex) 
mi ties to the 

d. The trunous a 
terioBUH(Fi^s. 1 32 1 
i;^4 A.) arises at 1 
basf of the ' 
ou the right aide A 
F. v.niricio. its venti-alsurfacejt 

passes forwards and to the left, across the auricles, to rea«k t 
anterior border near the median line, where it divides to form t 
vessels. 

Internally it is incompletely divided into two fompartments by 
a spiral valve (Fig. 134); the valve is attached to the dorsal surface 
and is free ventrally : when the vessel is fully dilated (artificially), 
the valve extends two-thirds of its diameter. The opening of i 
vessel into the ventricle is guarded by two semilunar valves (B, 
134 A.), the free margins of which are bound to the inner s 
of the tube by c/wrdae teiidineae. The distal extremity has a s 
lunar valve in the left compartment (Fig. 134), which is att 
by a delicate hand to the spiral valve (Ecker), 

C. The minute structure of the Heart. 

[The heart consists chiefly of iimwcl", but possesses also nei 
fibres, nerve-cells, endotheliiuii, and connecti ve- tissue ; the I 
arteriosus has in iiddilion, blood- vessels. 

a. The muscular structure of the heart. 

(i) The arraDgement of the miUBcle -fibres varies in the differ 
portions of the heart. Tliat of the vcntiicle will be easily unders 



by reference to Fig. 137. A layer of circular Slanss (CM) extends 
round the whole ventricle, and from it more or less radial or trans- 




poraria. IL TruutAna Mctioa thri>iigh Jdd 
Occ.1, Srtt. I, LalU. The heut wiu rreelf < 



Lladei anil niUldla think or th« venukls if n. Irm- 
m at middle utd antwinr thiidi o( tbe un» heut. 
coded I witb dilnl« ipiril, imd xi taudeiKd.— O. H. 



veme bands (T'J/, also Fig. 138 T^T/) pass inwards; these, in the apical 
portion of the ventricle, seem to extend almost transversely across ; 
towards the base they are directed onwards and forwards towards 
the auricles. Of these bands some, near the apex, can he traced 
directly to the opposite side, others join the wall more anteriorly, 
and still others join bands of muscular fibres (LM), which may be 
described as longitudiDal, and form the Mutcuii papillaris. In the 
anterior portion of the ventricle the same arrangement holds good, 
but is modified to form a central cavity; still more anteriorly, 
at the junction of auricles and ventricle, the trabecular structure is 
much less apparent, the fibres being closer and mainly circular. 

In the auricles the muscular fibres are chiefly arranged in circular 

rings which cniss one another; on the inner surface, however, 

traces of an arrangement similar to that in tbe ventricle may be ■ 

made out. lu the heart, from which the sections in Fig. 137 

' The bue of th« vanlricle msuured, when dittended, 8 mm. bj j mm. 
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were drawn, transverse bands {cut longitudinally), 0-33 mm. in 
length, were numerous ; their central ends terminated in bauds, the 
fibres oE which were cut transversely. The auricular septum (Fig. 
141 a J/) also possesses muscular fibres which cross one another in it« 
dubstance. 

The fibres of the trvmeus arteriosus resemble those of an 
nary artery; those of the sinus veuosus are arranged in 
mostly transverse, but others oblique, and a few longitudinal.] 

(2) The structure of the cardiac mosole-Sbres (Figs. 138 
141 a). 

[The cardiac muscle of the frog cousists of spindle- shaped txUa, 
which as Pohl-Pincus pointed out, are of two kinds ; the main d 
ence between the two being in the size o£ the nucleus, whicj 
much broader in one than in the other. 



or^^ 
|8a^^ 




a. Cells with a broad nucleus (Fig. 13S B) : the nucleus is lenti- 
cular or egg-shaped, 4 to 7 fi broad, H to 14 or 18 ft long 
ratio of length to breadth being i : 2. 

3. Cells with a narrow nucleus (Fig. 138 J): the nucli 
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rod-shaped, 2*5 to 3*5 ix broad and 25 to 43 ^ in length. The 
ratio of len^h to breadth varying from i : 8 to i ; 16. Theee 
cells are more frequent in the right half of the base of the ven- 
tricle than the former variety. In the trabeculae the second 
variety is more numerous (Pohl-Pincus). 

The musele-fibre may be simple (Fig. 141 a 3/) or poeeesB branches 
(Fig. 138); the fibres are all more or less spindle-shaped, and 
striated transversely and longitudinally, but possess no sarcotemma. 
The protoplasmic contents of tl^e cell are finely granular; the 
nucleus much more coarsely granular and poaaessing one or more 
distinctly marked nucleoli. The striations are due to the presence 
of a network, which has been carefully described by Messrs. B. Mel- 
land and C. F. Marshall ^, and is similar to that of ordinary 
voluntary muscle (see histology of muscle).] 

b. The nerves of the heart. 

The nervous supply of the heart is derived from the sympathetic 
system and from the cardiac branches of the pneumogastric nerve ; 
the course of which has already 
been traced (page 175) to the roots fj^. ijg. 

of the anterior caval veins, where 
they form a simple plexus by means 
of a connecting link (Fig. 139)- 
The plexus possesses nerve-cells and 
sends off two nerves into the auri- 
cular septum ; the one ((/) lies dor- 
sally and is shorter and thicker than 
the other (v), which lies ventrally 
in the septum. They course back- 
wards to the posterior border of 
the septum, and there distribute 
fine branches to the base of the 
ventricle and surrounding parts. 

[In the whole of their course in 
the heart they have numerous 
nerve-cells, either imbedded be- 
tween their fibres or attached to ^^ "^ 
the nerves and their branches. « vmtmi mutt. 

The nerve-fibres are both me- 
dullated and non-medullated. The nerve-cells (Figs. 139, 140, 141) 

* I hiv« had opportunity of exftmining Mr. MuihkH't dides and b>ve convinced 
mjielC or thi coireotneM of hli obwmtioiu. 
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Fig. 140. 
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are uBually oval, and are unipolar or rarely bipolar ; sometimeB twn 
cells exist in the same envelope, forming the ' twin-cells ' of 
Dogiel (Fig. 141b II). Awoni- 
ing to the recent obser^'ations 
of Lavdowskj and Dogiel each 
cell receives one medullated fibre 
and gives off a fine non-medul- 
lated fibre ; the two run together 
I for a short distance, aft*r which 
the non-mednllated fibre sepa- 
rates to supply muscle-fibres. 

Two large clusters of ner\'e- 

cclls ha\'e received special names. 

Bemak's ganglion is a large 

ftroup of ucrve-cells in the wall 

of the sinus venosus. 

Bidder's ganglion is formed, 
collectively, by groups of cells in 
the auriculo- ventricular groove, 
iiiliBKBT- the chief groups being attached 
oiDiigiiL ^ j.]jp j.^Q cardiac nerves. 
a NonB-0.11.1. jj^ uervc-cells have been dis- 

covered behind that portion of the ventricle near the auricuio- 
ventricular groove, nor has a direct connection between the cells 
or their processes with the fibres of the pneumogastric nerve been 
made out. 

Nerve-fibres have been described as existing in all parts of the 
ventricle and. being connected with the muscle-fibres (Openchow sky 
and others) ; this cannot, as yet, be accepted as proved. 

The truncus arteriosus also possesses nen'e-fibres and nerve-cells 
(Pagliaui, Liiwit, and others), but their arrangement seems to be 
very irregular. Lowit did not succeed iu finding the nerve-ccUs in 
all cases examined ; and Engelmann denies their occurrence.] 

c and d. [The endothelium and connective -tissue of the heart. 

The connective -tissue of the heart exists only in very small 
quantity. A fine layer on the outer surface of the ventricle, 
especially towards the auriculo- ventricular groove, can easily be 
seen (Fig. 138 t'?"); the various valves, the auricular septum, and 
more particularly the truncus arleriosos, all cont'ain connective- 
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tissue. In the latter part the spiral valve is wholly Formed of 
this tissue. 




nttnu, tUtt DogM. 

E EDdDtlieUum (endocftrdlun 

U HoKls-flbni. 
^ Nuclnu. 
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The whole of the inner surface is lined with endothelium 
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Figr. 142. 



(endocardium)^ wliich covers the various 
trabeculae ; the external suf£aee of the 
heart is likewise covered with an epi- 
cardial layer of endothoJium (Fig. 138 

m 

e. The blood-supply, to the heart. 

With the exception of the (r^incus 
arteriosuSy no part of the, heart possesses 
blood-vessels (Hyrtl). . [The truncv9 
arierlosm (Fig. 142 h) has a rich anas- 
tomosis, which receifv^es its blood by 
the arferia hulbi («), a branch of the 
carotid arch. Two veins connect this 
anastomosis with the systemic veins," 
and wfth the hepatic portal veins : the 

ArterieK and vein^ of the Tnma« formcr, vtiia hidbi anterioT (v), passcs 
arterioBUfl of Bufo vuiguri«, after Qvcr the auriclcs to ODcn into the left 

Hyrtl, ^ 

a Arteria buibi. iunomiuatc vein (f-i) ; the latter, the 

h Tmnctu arterioaiu. 
A, i HoiMitic )M>rtHl veina. 
i Rijfht aiid left synangiam. 
V Yena bulhi anterior. 
vi Left innominate vein. 

vc Vena buibi ixxjterior (V. canUjica). Qf pericardium, and then courses back- 

A Right auricle. * • i. xl. x • l J 

A' Left auricle. wanls to opcu mto the antenor-abdo- 

• 1 • n • 

minal vein. J 




^> 



vena hulhi ])09tenor (yc) or vena cur- 
diacQy as it is Inore usually named, passes 
from the truncuH arteriosiut in a fold 



V Ventricle. 



II. THE ARTERIEvS. 

(The original arrangement of this section has been modified.') 

The Trvncus arteriosus divides to form two vessels (Figs. 132, 
134); each of these is diWded by two. partitions into fliree com- 
partments, which after a short course tog-ether separate to form 
t^j^see distinct vessels, the carotid, systemic, and pulmo-cutaneons 
arches. 

1. The carotid arch {Cajtalis caroficO'lingnalis^ Briicke ; Dvcfu^^ 
caroficiis), (Fi^. 143 /) is the most anterior of the three arches : it 
winds round the side of the oesophagus as far as the carotid gland, 
where it divides to form two branches ; the right carotid arcjh gives 
oflE a small branch to the Truucus arferio,ws^ the Arferia bulbi (see 
above). 
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• The oarotid gland (Fig. 144 c') is a dilated portion of the vessel. 
The interior contains bands or trabeculae of miisele, which give its 

Fig. M3. 




Schema of the arterial system of Bona etculenta* 



A DonuU aorta. 

e CntAiMoiui artery. 

ea Carotid' artery. 

d Caxxjtid gland. 

ic lUao arteriaa. 

le KztemaJ lliao artery. 

ii Internal iliac artery. 

J If eaenteric artery. 

I Lingtial artery. 

If Oodpitol artery. 



ov Oocipito-vertebral artery. 

P Pnliuonary artery. 

t Snbulavian nrtei^'. 

T Tniuciifl arterirwiiK. 

uij Urinitgenital artorie^ 

V Vertebral artery. 

/ C:an)tici an:h. 

// 8} Htvniic arch. 

/// l*iihuo-«:ntanctiii ari'h. 
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walls a more or less spongy structure; the muscle-fibres are not 
transversely striated (Hoffmann). 

a. The lingual artery {Arferia lingvalhy Arteria hyoidea-lingnaJu^ 
Arferia hyoldea)^ (Figs. 143 /, T44 L) arises by two roots from the 
inner surface of the carotid gland, and courses forwards and in- 
wards, supplying branches to the thyroid gland and the Musevii 
geniohyouJe'i y to the ventral surface of the hyoid ; another continues 
forwards on the outer border of the 3/. htfogfosavs to supply branches 
to the hyoid and tongue. 

b. The carotid artery {Arteria carotis communis) ^ (Figs. 143 ea^ 
144 c') arises by several roots from the outer wall of the carotid 
gland ; and passes over the Muacuhis petrohyoideuK I to the anterior 
end of the oesophagus, round which it courses towards the vertebral 
column, and then runs forwards to the base of the skull. The artery 
then courses forw^ards, lying immediately above the mucous mem- 
brane and underneath the transverse arm of the paras])hcnoid, which 
it crosses about midway l)etween its back and external end ; [at this 
point the artery gives off two palatine arteries, then ascends in the 
orbit to the origin of the M. jjtert/goidem, and divides into two 

Fig. 1 44. branches, the internal carotid artery and the 

ophthalmic artery]. The branches are : — 

(1) The pharyngeal artery [Arferia pha- 
rf/tigea asremloiis), (Fig. 145 j)) which runs 
towards the opening of the Eustachian 
tube, distributes branches to the pharynx, 
and anastomoses with the Arferia pharyn- 

Right carotid gland. •,»• • p ^i a a j 

^ ... , aeo-waxif/ariH or the cutaneous arterv, and 

c Carotid arch. "^ ^ ^ . . * 

c' CaroUd gland. with the lianivs iuframoxiUaris of the 

d* Carotid artery. • -x i _^ 

L Lingual artery. occipital artery. 

(2) [The posterior palatine artery [Arferia palafiua posterior, 
Virchow) immediately divides into a nimiber of small twigs to 
supply the mucous membrane of the hinder and outer parts of the 
gums.] 

(3) The anterior palatine artery [Arferia palafiua afiferior, Vir- 
<'how; Arferia jiaMina, Ecker), (Fig. 1457/) ^^^^^ forwards, between 
the Mtfsr. levafor biilf/i and the mucous membrane, with the Bawus 
palafinvs of the trigeminal nerve. [On reaching the palatine 
bone, it curves outwanls to the outer anterior angle of the orbit, 
where it gives off a branch backwards along the upper jaw to 
the hinder portion of the orbit.] In its course it supplies twigs 
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to the snirovrnding tiBBues, bat chiefly to the mucous membrane 
and Harder'B gland. 

■ Fig. I4.S. 




4d IU,ht.r«m.io«d,. 


Jtf 


etomul.. 


4i LrttijrtniilcaRli. 


JT 


HKlon. 


r (oppodte (on-llmh) CmW hUtj. 






: (In aMoinim) Coeliui uUtt. 




P},U7ng«l.™r)r. 




// 




! Ungatl irtBrj. 




BubcJu-llul slMrjr. 






CvQtid uvti. 


tr Hudoluigluid. 


II 


8>rt«nlc MdL 



/ir PukaocntAUioiiB s. 



(4) The internal carotid arter)' (.4j/. cerehralit, Virehow); see 
Arteries of Brain, p. 162. 

(5) The ophthalmic _ artery {Art. ophfhalmica), (Pi(?. I45 0) [is 
larger than the internal carotid artery at this point ; it croRscs th» 
origins of the M. redii* exferni'* and of the 31. re/raAeii* 6iil(ii and 
reaches the optic nerve ; the artery then runs forwards along 
the onder surface of this nerve and of the eyeball, lying close to 
the sclerotic coat as far as a little beyond the equatory where it 
pierces the sclerotic coat so obliquely that the choroi<l coat in only > 
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reached at the ciliary processes. In its eonrse the artery sup- 
plies : — 

a. Muscular branches, given off at the point where the artery 
reaches the eyeball. 

(3. Two arteries {JJ. ciliarex) to the choroid, {riven off at the 
same point as the foregoinj;. 
y. Two arteries to the iris. 

8. The Art. 6t/afouiea, the terminal portion of the ophthalmii- 
artery. {For further description of these vessels, see Eye.)]. 

3. The systemic arch {Bticlwg aortteus), (Figs, 132, 143, and 
145 II) is the middle arch of the three; it arises from the middle 
canal of the Ducfas arteriosu*, and winds obliqiiely round the 
oeaophag:us between the MM. petTohyoiihi I and // towards the 
vertebral column, which it reaches at about the level of the 
sixth vertebra. The right systemic arch is continued as the 
dorsal aorta, the left arch commnntoates with it merely by a 
enmll opening, and is then continued a» the coeliaen-mcsenti^Tic 
artery. 

Branches of the sj'stemic arch ;- — 

a. The laryngeal artery {Art*^ria lari/ngea), (Fig: 146 fg) arises 
from the inner border of the systemic arch before it reaches the 
oesophagus ; it passes forwards and tntvards to be distributed in 
the larynx and pharynx. Acconlinfj to IJriicke this artery- jiossesses 
a valve at its point of origin. 

Fig. 146. ^- "^'^^ oesophageal arteries (Arteriae 

oftophageae) pass from the upper part of the 
a«;h to the dorsal surface of the oesophagiis. 
c. The occipito- vertebral artery (Ecker), 
{At(. occijjUo-verfedralis), (Fig. 147 o,v) [arises 
from the systemic arch immediately in 
front of the transverse process of the second 
vertebra, and ascends immediately in contact 
with the body of the first vertfehra, which it 
separates from the MM. i>rfer/ratitver«arii 
capitis and the sympathetic cord]. Immedi- 
ately under the most anterior portion of the 
M. longUiimu* ilorsi the artery divides info 
" AurtJciKh. two branches, the vertebral and occipital 

arteries ; — 
(1) The vertebral arteij (Ar/eria vert fhraf in ot »iij>ra-TeTtehfali» 
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(Fig. 147 c) couracB backwards lying on the transverse processea of 
the vertebrae and on the MM. inieiiransrertarli, under cover of the 
M. hngitnimvs don't. In this course it is close to the oblique pro- 
Fig. T47 




Gcaes, and may even be partially covered by these ; it extends 
beyond the saenim, and {fives off : — 

a. The Rami »jiinale», which pass throdgh the interx-ertebral 
foramina to the spina) cord (see Arteries of &pinul Cord, p. 162). 

(9. The Bami ilomafe* ; these supply the muscles of the back and 
send branches to the skin, which accompany the cutaneous branches 
of the spinal ner%'e8 throujrh the Sarrv» lifmphaikn* cranio-doT%alit. 
1} ^ 
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y. The Sufflt intercottalet are distributed in part to the MM, in- 
iertran»vertarii ; other twigs pass ventrally to the periganglionic 
glands ; the longest branches accompany the anterior dirisionfl of 
the spinal nerves to the muscles and skin of the belly (Pig. 145)- 

(2) TheoGoipitalartery(<4r/m(ioeci;)tto^M),(Figs.i47and 1480), 
the anterior branch of the occipito-vertebral artery, pierces the 
M. lonffi»Htn«i dorsi ; then couTBes forwards under cover of the 
Fa»eia dormlh and upon the M. temporalU, and divides, behind the 
eyeball [at the anterior -border of the M. temporalis, Virchow], 
into two branches : — 

a. The Ramus orbilo-nasalU (Fig. 148 on) accompanies the oph- 
thalmic nerve along the wall of the cranium, and passes through 
the spbenethmoid, with the nasal branch of the ophthalmic nerve, to 
the nose, where it divides into two branches supplying the mucous 
membrane of the nose. In its course through the orbit the artery 
supplies branches to the Harderian gland and neighbouring parte, 
and anastomoses with the ascending branch of the Arteria palatina. 

fi. The Samut maxillaru communis [AH. temporaiit, Virchow), 
(Fig. 14!^ m) runs downwards and outwards along the anterior 
border of the M. temporaiit, and passes under the anterior arm of 



the squamosal bone to ( 




baekwards on the upper jaw. At 
this point the Ramus tnaxiliaris 
superior {m') is given off. The 
main artery continues its backward 
course to the tympanic membrane, 
where it divides into its three termi- 
nal branches : — 

[(1) The Ramus maxUlaris supe- 
rior (AA. maaiillares tuperiores, Vir- 
chow), usually not a single artery 
but a number of small twigs, which 
supply the space between the eye 
and the upper jaw. 

(2) A small ascending branch to 
the tympanic membrane (Virchow). 

(^) ARaniusauricu/aris(Virciiow), 
which forms a rich anastomosis on 
the hinder wall of the tympanic 
cavity, and supplies a twig to the 
tympanic membrane. This passes 
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from the upper border of the membrane to the point of attachment 
of the Columella auru (extrastapedial), round which it forms a 
circular anastomosis. Tbe Jtamut auricularit also anaetomoBes with 
the cutaneous artery. 

Pig, :«. 




t. CaUDeoQA ATtoiy, 

'. Art«Tifi cutasH peu 

OodpiUI vtiiiT. 



{4) A branch passing inwards to the fat-body, and lying immedi- 
ately in front of the deltoid muscle (Virchow). 

(5) A small branch running on to the inner surface of the angle 
of the jaw and then forwards (Virchow), 
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(6) A larger vessel, the Ramtis maxillaris inferior (Fig. 148 m^'), 
which arises from the Ramus maxillaris superior under cover of the 
tympanic membrane, and accompanies the Ramus mandihularis of 
the trigeminal nerve through the M, masseter, or between this 
muscle and the M, ternjwralis to the mandible, and then courses 
forwards to the chin. A large cutaneous branch is given off half- 
way along the floor of the mouth. The artery gives off many 
small twigs to supply the neighbouring structures.] 

3. The pulmo-cutaneous arch [Ductus pulmO'Cutaneus), Figs. 
132, 143, and 145 III) is the hindmost (fifth embryonic) of the 
three persistent arches; it passes upwards and forwards on the 
oesophagus, and at the level of. the carotid gland divides into two 
branches, the pulmonary artery and the cutaneous artery. 

a. The pulmonary artery [Arieria piUmonalis) runs backwards to 
the root of the lung, along the outer surface of which it is continued 
in a sinuous course. It supplies the lung. 

b. The cutaneous artery (Arieria cutanea viag7ia\ (Fig. 149 cm,) 
[passes along the deeper surface of the M, petrohyoideus ///imtil near 
the prootic bone ; in this course it travels forwards, outwards, and 
upwards, crosses the outer border of the muscles, and appears between 
the M, levat<yr anguli scapulae and the M, sternocleulomastoideus. At 
this point the artery curves sharply round to reach the angle of the 
jaw, the hinder border of the M, depressor maxillae inferioris. The 
€urve so formed and the descending limb are covered by the AL 
depressor maxillae inferioris. The artery then passes backwards to 
form a rich anastomosis in the skin almost as far as the posterior 
end of the trunk. It supplies the following branches : — 

(1) The Ramus dorsalis (Vircho*w) arises immediately in front of 
the curve of the main artery; it ascends behind the M, temporalis^ 
and passes along the anterior border of the M, depressor maxillae to 
the skin, where it curves backwards. It supplies small twigs 
forwards as far as the eyelids. 

(2) The Ramus auricularis (Virchow) also arises in front of the 
curve in the cutaneous artery; sometimes it arises from the Ramus 
dorsalis. The artery winds around the M , petrohyoideus III near its 
insertion, and so reaches the posterior wall of the tympanic cavity, 
where it anastomoses with the R. auricularis of the Ramus ?naxillaris 
com7nunis,'\ 

(3) The Arteria pharyngo- maxillaris (Fig. 148 p,m,) is a small 
branch running forwards and outwards to supply the mucous mem- 
brane of the larynx, Eustachian tubes, gums, the lower jaw, and 
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the skin under the mouth. It forms a rich anastomosis ^th 
branches ot the Bamm maxi/Harit inferior of the occipital artery, 
and with others from the pharyn^al branch of the carotid. artery; 
a lar^e branch passes forwards to supply the skin of th^ throat 
and floor of the month. 

(4) The Arleria cutanea peciorit{¥'\g. 149 e.p.) is distributed to the 
skin of the breast. 

4. The subclavian artery (Arteria gulclavia), (Fig, 150 *). 
The subclavian artery arises from the systemic arch immediately 
behind the occipito-vertebral artery at the level of the second or 
third vertebra. The artery then runs outwards alongside and in 
front of the brachial nerve, between the M. giib»capnlari» and the 
M. triceja to the arm, where it is known as the brachial artery; in 
its course it gives off : — 

a. The Arleria cotto-cervicalit (Pig. 150, i). This artery arises 
near the systemic arch, and runs backwards, parallel to the ver- 
tebral column, over the brachial nerve, and across the transver&e 
processes of the vertebrae. It is distributed more especially to the 
M. oi/iquw* intemuf. ' 

,„ Fig, 150. 

h, The^f/«-«i «.v 

coraeo - elavicula- 
rii (Fig. 150, 2) 
arises more ex- 
ternally than the 
last artery J it 
accompanies the 
coraco - clavicular 
nerve on the dor- 
sal surface of the 
ventral portion 
of the "shoulder- 
girdle, and passes 
between the M. 
delloideus and M, 
»ttlacapulari» into 
t)ie Foramen ova/e, a 
where it divides c 
to supply these ^ 
muscles and the •>. 
M, pecloraiis. 5i 




232 THE VASCULAR SYSTEM, 

o. The Art. tcapularis poHerior (Fig. 150, 3), a small bnncfa 
arising opposite at the tip of the second transrenie process and 
passing backwards over the MM. trantvergo-tcapvlares, to which it is 
distributed. 

d. The Art. seapulari* mperior (Fig. 150, 4) accompanies several 

nerves between the M. mbicapvlaru, M. traniverto-tcapularu nuffor, 

Fig. 151, Fig. 151. 





Artorifl* tit tt» pulmv niif jk« of tho lund. 



V Fltth Boger. 

and the long head of the M. t-Tireja towards the dorsal surface, 
where it is distributed to the MM. iiifratptnaliu, tadtttrntu dortl, etc. 

e. The Ramat rutanevt maxillaru. 

t. The Art. fuitcapularit (Fig. 150, 6) is distributed in the sub- 
scapular muscle. 

A, The brachial artery {Arteria brackialig), (Fig. 150) accom- 
panies the bnu;hial nerve under cover o£ the long head of the 
M. iriceps and over its inner head to the Piica cvhili, into which it 
sinks near the tendon of the M. aternoradialU ; beyond this point it 
is continued as the ulnar artery. In its course the brachial artery 
gives off : — 

a. The Arteria pectoralU (Fig. i5o^i). 
"b. The Arteria cutanea taediaiit superior (Fig. 150 c). 

o. The radial artery (Arteria radiali»), (Fig. 150 R) which winds 
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round the humenie with the radial nerve between the muscles of the 
outer side of the forearm, to which it gives branches : in the palm 
of the hand it passes between the M. extefisor carpi ulnaris and the 
M. jlexor aniihrachxi to the dorsal surface of the hand, where it 
anastomoses with the ulnar artery. In its course it supplies : — 

(i) Muscular branches to the surrounding muscles. 

(2) The Ram, cut. radialis inferior, which arises from the radial 
artery towards the distal end of the forearm^ and passes underneath 
the M, jlexor carpi ulnaris to the skin. 

B. The ulnar artery [Arteria nlnaris), (Pigs. 150 U, 151 £) ac- 
companies the ulnar nerve towards the hand, passes between the 
M. Jlexor digitorum communis and the M. anco7ieu9 to the palm of the 
hand, and then winds roimd the outer side to the dorsal surface 
of the carpus to form its terminal branches. The branches are :— 

(i) The Ram. cutan. med. inferior (Fig. 151 ci); it arises near 
the wrist- joint and'suppHes (o) twigs to the skin of the inner sur- 
face ; (0) a branch downwards, which courses along the inner side 
of the second finger to its tip; and (y) a branch which passes 
upwards to anastomose with the R. cutaneus medialis superior. 

(a) In the palm of the hand a branch (Fig. 151 ^) is given off, 
which divides to form Arteriae digitales volares : one for the second 
finger, two for the thiid finger, two for the fourth finger, and one 
for the fifth finger. 

(3) Given off on the dorsum of the hand (Fig. 152) it suppUes 
branches corresponding exactly with those of the palmar surface. 

6. The dorsal aorta (Aorta communis s, aldominalis (Fig. 153^). 
The two systemic arches unite at about the level of the sixth vertebra 
to form the dorsal aorta : as already mentioned the imion is very 
incomplete, the dorsal aorta being practically a continuation of the 
right systemic arch, and only communicating with the left by 
means of a small opening. The branches are as follows : — 

a. The ooeliaoo-mesenteric artery [Arteria intestinalis communis)^ 
(Fig. 153), the true continuation of the left systemic arch, at once 
divides to form the gastric and mesenteric arteries. 

(i) The gastric BJiery (Arteria gastrica s. coeliaca) (e?) immediately 
divides into two branches : — 

a. The Ramus dexter s. anterior ; this artery gives off the Arteria 
hepatica to the liver and gall-bladder and passes to the right (an- 
terior) surface of the stomach, running along the attachment of the 
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mosoiitery and supplying branches forwards t<i tlio i>esiij>hn'ni! 
backwards towards the inteetiiie. 

p. The Hamvt ginhter g. posterior ysu^ses to tin.' left (jioet 
surface and Ijoliaves like' t\\e^Ram, dexter. 

(%) The meBanteric artery {Arleria menenleriua superior and iL 
rioTy and the Arterta gpleuu-a), (Fig. 153 in) 8uppli(.¥ : — 

a. The superior mesenteric artery, which supplies the upper p 
Fig- ifi- 
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the intestine, and ^vet off a. recurrent hraach to the stomadi, 1 
anastomoHes with the gustrie arteries. 
^. The splenic artery to tlie xplcen. 
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y. The inferior meeenteric artery to the lower [lart of the iatestJiie. 

All the arteries to the intoetine course in lymph -spaces. 

b. The axinogenital arteries {Arleriae KTlno-gemfafe»), (Fig. 
154 '"9) *•* four to six small arteries arising from the ventral 
surface of the aorta between the kidneys : they immediately divide 
into right and left branches to supply the kidneys, fat-bodies, 
reproductive organs, and their ducts (see kidney). 

O. The lumbar arteries (Arferiae Inmbalet), are small paired, vessels 
to the neighbouring muscles, and send branches throngh the in- 
tervertebral foramina to the veri«bral canal. Sometimes these 
arteries arise from the Art. Kphialis or Art. verlel/ralit, etc, ; in the 
former case they pass outwards from the vertebral oanal to the sur- 
rounding structures. 

d. The baemorrhoidal artery {Art. mvsenlerica inf. 1 Art. hae- 
morrioifhli* mfierior) is a small median artery running from the pos- 
terior end of the aorta to the large intestine. 



Vig. IS4 



e. Bifaroation of the aorta. Tlie 
iliao arteries (Arteriae iliacae commu- 
net). Opposite the middle of the uro- 
style the aorta bifurcates to form the 
iliac arteries; each of these courses ] 
on the eorrcsponding sciatic plexui 
the thigh, beyond which it is con- 
tinued as the sciatic artery. The 
branches of the iliac artery are : — 

a. The vesioo-epigastrio artery 
{Arteria epigagirico-veiicafin), (Fig. 155 
ep) J it arises near the bifurcation, 
passes outwards on the plexus, and 
divides into two branches : — 

(1) The epigastric artery (Arteria 
epigattrica) (t) immediately gives off 
a recurrent branch to the iliac bone 
and the if. ilio-cw.c_^gatg ; it then 
continues to the ventral muscles of the abdominal wall, where it 
runs forwards on the deeper surface ot the M. obliqiiut infernvs, and 
is distributed more especially to this muscle. 

(2) The hypogastric artery {Arteria vesiealin) (r) winds downwards 
around the sciatic plexus to reach the musentery, along which it 
courses to the bladder, where it forms a rich anastomosis. 
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b. The femoral artery {Arteria femoralU ». cruraliit), (Fig- 155^ 
is the reprtweiitative nf the ftmoral artery of man, although it do« 
not perform the same fuuctions. The artery passes under tlie 
hinder free border of the M. ohliquvt intemua to the thigh, where it 
lies upon the III. Uio-pgoag, and Bends twigs to the neighboonng 
muscles, the skin, and lymph-sac [Lamina inffuiualU), and thai 
divides into : — 

(i) A twig, which runs forwards on the ventral surfaee of the 
iliac bone and is covered by the epigastric artery. 

(3) A twig, nmniug forwards and downwards on the i/M. ilio- 
j>»oat, vaduH lii/er»i/-K, and gartorivn, to send branches to the hip-joint. 

c. The spermatic artery (Arleria tpenaatica), which arises, in 
males, from the iliac artery, and ascends to the Venicnia aeminalia. 

7. Arteries of the hinder 
extremity. 

A. Thf Bciatic artery {ArU- 

ria incAiajUca), (Fig, 156 t) is the 
continuation of the iliac artery ; 
it leaves the pelvis between the 
hinder (outer) border of the 3f. 
f("\ygeo-iliacH» and the inner 
sTirfaoe of the origin of the M. 
ilio-p»oa», then lies between the 
former musele and the origin of 
the M. vattiig eirt-erxtts. It ap- 
pears on the thigh between the 31. 
vattiu extemiis (in front) and the 
M. pyriformu (behind); it is the 
main arterial trunk for the hinder 
extremity. The artery courses 
backwards, lying upon the sciatic 
nerve and between the M, hkept 
and the M. gefnimembranima ; in 
this course it runs in a lymph- 
spaee placed in the Sejitum femorate tvperiut (see page 459). 
Arrived at the popliteal space the artery bifurcates to form the 
peroneal and tibial art«rios ; near the pelvis it gives off two 
branches (a) and (b), and in its course along the thigh 
branches (c) and (d). 

a. The Ari. haemorfho'uiaiu infenvr {h) nins backwards | 
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mwftrds under the M. j^riformU to be distributed in the M. tphtneter 
ani and tbe skin of tbe anna, 

b. The Art. cutanea femorii potterior v. superior (cf) runs with the 
corresponding nerve and the M. p^iformu, and over the M. wmi- 
taembranotiu to the skin of the inner and hinder surfaces of the 
thigh. 

o. The Rami muteularei supply the 3t. temimembranofut, the M, 
bicept, and the MM. extemorei aurit ; the branch to the M. rectui 
inferior major pierces the muscle in company with the nerve, and 
is continued as : — 

d. The Art. euianea/evtorig media {cf') to the skin of the middle 
of the inner surface of the thigh. Several small twigs pierce the 
M. rectus inlemui minor, 

reach the skin, and ^- 'S*- 

communicate with this 
artery_. "^ ^, 




B. The peroneal artery (Art. peronen), (Fig. 156 p) 1 
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wards under cover of the tendon of the M. biceps femoris, and 
accompanies the peroneal nerve downwards to give ofE : — 

a. The Art. circumfiexa geim laieralh sttperior^ which runs forwards 
on the outer side of the knee, gives a twig to the joint, and is 
continued as : — 

b. The Art, cutanea genu lateralis superior [cgl) to the skin of the 
anterior and out^r sides of the knee. It anastomoses with branches 
of the Arteriae circumjlexae genu inediales to form a rich anastomosis 
(Rete articulare genu) : other branches pass upwards to inosculate 
with the Art. cutanea femoris anterior [cf), and others downwards 
to anastomose with the next artery. 

o. The Art. circumflexa genu l-ateralis inferior {cgl') runs under 
the tendon of origin of the gastrocnemius to the outer side of the 
knee, and terminates in the skin as the Art. cutanea genu lat-erali^ 
inferior. Some of the cutaneous twigs pass upwards to anastomose 
with the Art. cut. genu l<it. .mperior, others downwards to anastomose 
with the AA. malleolares. 

d. A muscular branch (/>') for the M. jjeroneus ; it is the real 
continuation of the peroneal artery, and runs behind the outer 
tendon of origin of the gastrocnemius to be distributed in the 
M. peroneus. 

C. The tibial artery (Arteria tihialiff), (Fig. 156 t), arises at 
the bifurcation of the sciatic, and runs inwards, meeting the 
tibial nerve between the tendons of origin of the M. gastrocnemius ^ 
and deep in the popliteal space under cover of* the calf -muscles. It 
then pierces the M. tibialis posticus^ and leaves this to perforate the 
tibio-fibula (see p. 50), appearing again on the anterior surface 
as the anterior tibial artery. Before meeting the tibial nerve thi§ 
artery gives off the following branches : — 

a. The Art. circumflexa genu superior medialis (cgm)y which winds 
round to the front of the knee-joint, and gives off a cutaneous 
branch, the Art. cutanea genu medialis superior, which is distributed 
in the skin of the inner side of the knee and anastomoses above with 
the Art. cutanea femoris media, V)eloNv with the following branches 
(b, c, and d). 

b. The Art. circumflexa genu inferior medialis {cg^n') supplies twigs 
to the knee-joint, and passes to the skin of the knee and inner 
surface of the calf as the Art. cutanea inferior medialis. 

c. Muscular twigs to the M. gastrocnemius. 
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A. The Art: vuralia {*»); this accompanies the N. *nrali» down- 
wards along the calf-muBcIe, and is dtstrihutcd in the skin of the 
inner side of the heel. 

e. While passing between the fibres of the M. ilbialU jiotlieu*, the 
tibial artery gives off muscular twigs ; one larger than the rest is 
known as the Ramut deicenden*. 

D. The anterior tibial artery (Arferia tibialii antica), (Fig. 
1.57 /.d.) is the eontinnation of the tibial artery after piercing the 
tibio-Sbula. It runs Fig. 157. 

downwards on the 
anterior surface of 
the leg, then between 
the two heads of the 
J/, tibialii antirnn to 
the dorsum of the 
foot, where it is con- 
tinued as the Arte- 
ria dortalit petli*. It 
supplies : — 

a. Rami mn*cv.lareK 
to the M. peroneux, 
M. extenior crurin, 
and to the M. fiexor 
lar»i anterior. 

b. The Art. cuta- 
nea erurit inferior 
(cp. J.) passes between 
the two heads of the 
M. tihiaVit anticu* to 
the skin of the ante- 
rior and outer sides 
of the leg. 

c. The Art. cuta- 
nea caleanei {c.e.) is 
given off at the 
ankle-joint; it runs 
outwards on the 
lower end of the 
tibio-fibula, giving branches to the joint, then backwards between 
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the tibio-fibula and the 3/. penmeut to be distributed to the ekin 
of the heel. Above it anastomoses with the A. circumftexa gen* inf. 
lateralU, and below with the malleolar arteries. 

d. The Art, walleolaris laf-eralit (mf) arises a little beyond the 
la«t artery ; it runs outwards under the origin of the M.fiexor tarn, 
gives branches to the joint and muscles, and termitiates in the skin 
of the outer border and dorsal surface of the foot. 

e. The AH. malleolarii medialU [m.m.) arises at abont the 
same level as the AH. malleolarig lat. from the inner border of the 
anterior tibial artery. It suppliee branches to the joint, gives nu- 
merous braaches to the skin, which anastomose with the Arl. turalit, 
and passes to the inner border of the foot, where it ends by dis- 
tributing branches to the M. plantarit, the extensor aponeurosis, and, 
as the Ah. cutanea plantarit, to the skin of the sole of the foot. 

E. The dorsal artery of the foot {AH. dorgalui pedis), (Fig. 
157 i.a.) runs under the St.Jlexor tarsi pos/erior to the point /■«*, 
where it is superficial ; the artery then 
^' '5 bifurcates; the branches are : — 

a. The AH. tarsea (tr) which arises from 
the dorsal artery of the foot while under 
cover of the M. flexor lami potterior ; it 
passes to the il. eHemor digiii F and to 
the skin of the dorsum and outer border 
of the foot. One branch courses along 
the outer border of the fifth toe to its tip ; 
another passes upwards to anastomose 
with the neighbouring vessels. 

b. The inner branch, formed by the 
bifurcation of the dorsal artery of the 
foot, at once divides to form : — 

( 1 ) The AH. cutanea iallucit (i) to the 
supplemental great toe. 

(2) The AH. iriferossea dorsalit I (i'), 
which at once bifurcates to form two 
liatiri digitales for the first and second toes ; 
these inosculate with the AH-, culanea 

piantaris, and eend twigs to the skin of the inner border of the foot, 
c. The outer branch formed by the bifurcation of the dorsal 
artery divides to form the AHeriae interossei dortalug II, III, and IV 
(i*, i*, i'J ; they are distributed in a rich anaEtomosis to the web. 
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d. The Arteria interossea (Fig. 158 i) arises from the dorsal 
artery of the foot at the tarsus, and perforates the membrane 
between the astragulus and caleaneum to reach the sole of the foot. 
It forms a rich * subcutaneous plexus on the calcar, and anasto- 
moses with the Bami perforantes (Fig. iS^j)/), which pass above 
the upper borders of the Mmculi inferossei to reach the plantar 
surface, where they give off small Bami interossei volar es to 
anastomose with the A A. interosseae dorsales. 



III. THE VEINS. 

(The arrangement of this section has been modified.) 

The blood, distributed to the body by means of the arteries, is 
returned to the heart by the veins, which conduct the blood di- 
rectly or indirectly to tl^g, ^auricles. The pulmonary vein opens 
directly into the left vetitricle, the three Venae cavae open into the 
Si7iu8 venosm. 

A. Vein opening into the left auricle. 

The pulmonary vein {Fena pulnionalis commuiiut), (Fig. 159 
vp). The blood returning from each lung is gathered into a 
vessel lying along the inner side of the root of the lung. That of 
the right side is somewhat longer than the left ; the two vessels 
[Venae pulmonale^ dextra et sinistra) run above the corresponding 
anterior caval veins to form a common trunk, the pulmonary vein, 
which opens into the left auricle (see p. 215). 

B. Veins opening into the Sinus venosus. 

The veins opening into the Sijin^ venosus are the three caval 
veins ; of these the two anterior open into the anterior angles of 
the Sinus venosus, the posterior into the posterior angle. 

1. The Anterior Caval Veins {Vena cava superior), (Figs. 133 V, 
159 C a) are a pair of large veins opening into the Sinus venosus 
and returning to it blood from the fore-limbs and sides of the head. 
Each vein is formed by the union of a small vein, the external jugu- 
lar, with two large veins, the innominate and the subclavian veins. 

a. The external jugular vein {Veiia jugularis exierna), (Fig. 
159 ye?) is formed, at the outer border of the hyoid bone, by the 
union of two veins : — 

(i) The lingual \e\xi{Vena lingualis) (Fig. 161 /). This originates 
at the v^ip of the tongue and passes in a very tortuous course along 
the vencral surface of the hyoid; it receives numerous branches 
from the tls^gue and hyoid muscles. 

u 
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(2) The maodibular vein (I'ena maxillarit ivferior), {Fig. 161 m) 
runs along the insertion of the M. siUitnaxUlarit, and turns inwards 
at its hinder border to join the lingual vein. 

b. Xhe innominate vein {Tena anonyma), (Fig. \f>o A)'k formed 
by the union of tlie 
internal jugalar and 
the subscapular reins. 
By tracing the inno- 
minate vein upwards 
between the suspenso- 
rium and the shoulder- 
girdle, the int«md 
jugular vein will be 
seen to receive the 
vertebral vein at the 
outer borda- of the M. 
levator gcapulae. The 
left innominate vein 
receives the Vena M&i 
anterior from the Trtm- 
r«* arferiofu* (p. 21%). 

Hchsina nf tba vatuDr 
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(i) The intemal jugular vein {Vena jwjttlari*), (Y'\^. 160 f/J,cnn 
be traced from the border of the M. letal-or nrapulae upwards and 
forwards to the binder part of the prootic bone : it then |»sses 
forwards under the lateral process of the prootic, in a groove on 
the anterior slirface of the same bone, towards the hinder angle of 
the orbit, where it receives the veins from the cranial cavity (see 
vessels of brain, p. 16,5), and also a branch fnim the orbit. 
1 Pig. 160. 




IMKilbBUai ot tha InttotuJ \aiai\iit t 



/ NiHl Ttds. S SnUapuIar TsJn. 

k ^H»nlari*B tluicL S Hhunhhsr-ginlk. 

H Skin, TsSHUd duwnHudn. T Tynii'iuilc loambmui. 

V^ IntamAl jigvlkT TBfiL V Vertbbnl Trin. 

L Anhitiiir ljlil)ib-haiin. 9 Truuiisiw pnieeiii ot Um Hemul nitebm. 

I it: lavaUit ■«tx>lw. J Timutsna lanam uf the tlJid vwtrbn. 

O m. DbttiBiu Intanui. 4 TnuuvsiH \iwnim ut thv t.inrtli nrlslm. 

»' VaUfflibttdli uitarlur. 

a. [The J'eiia orftifafit laedia (\"irc'how) ; it arises from tlie an- 
terior internal angle of the orbit, from the Ilarderiaii gland, the 
naaa] cavity, or from other veins on the anterior wall of the orbit. 
The vessel lies close to the cranium, immediately underneath the 
AHeria niuatii, and sinks under the M. recftm xuiierior to jojii the 
■ntemal jugular vein. It its counic it rcceivi'S the Vena hul/ii nupe- 
rior (see eye), and near it« termination commuiiicitt^es with the 
Vena orbH-afi* po*ffTior.'\ 
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^. The I'ena certebralk (Fig, l6o r) arises posteriorly and rxan 
forwards over the transverse processes of the vertebrae, the Mtitcu/i 
i«tifriranm^eT*aTU, and the M. levai. Kapnlae, to join the internal 
ju^ilar vein. In its course it receives branches (t'enac «jiiHah») 
from the vertebral canal tiirough the intervertebral' foramina, and 
cutaneous branches which accompany the (.-orrcsponding' arteries and 
nerves through the dorsal lympltatic sac. The vein pulsates m 
consequence of its connection with the anterior lymph-heart (Miiller). 
(3) The subscapular vein (Vena gnhgcaptiiariit), (Figf. 160 S). 
This vein arises in 
the transverse s/Bo- 
minal musi'les and 
the muscles of the 
shoulder girdle; it 
unites with the in- 
ternal jufjiUar vein 
UTider the shoulder- 
^Wrdle. 

c. The fiaboUvian 
vein { Vena tuMavia ), 
I Fl>j. 159)- passes 
iiiii-kwards from the 
■ iiilcrior caval vein 
i>ii the dorsal surface 
of the coracoid bone 
and the clavicle, and 
then nnder cover of 
the Porfio ttei-nalit 
of the M. peetoralU 
major, to the internal 
border of the Portio 
aMominalui of the 
M. peciora/is i 
where it is fon 
by the union of i 
cutaneous 
the brachial vein. 

(1) The eutauM 
vein { f'trtf 
magna, Ecker; ViM 
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Fig. 162. 




musculo-cutaneaj Gruby), (Pi^. 160, 161, and 162 cm.). This vein 
arises by small branches in the head ; these are : — 

a. The Vena nasalis (Virchow) ; it arises by an upper and a lower 
branch from around the nostril, and courses backwards along the 
superior maxillary bone to about the middle of the orbit, where it 
joins the facial vein. 

p. The Vena orbitalh anterior (Virchow), ( Vena ojMhahnica ante- 
rior ^ Ecker), (Fig. 1600) commences at the Harderian gland from a 
rich anastomosis, 
r^ves branches 
from the floor and 
anterior wall of the 
orbit, and joins the 
facial vein with the 
Vena nasalis, 

y. The Vena orbi- 
talis posterior (Vir- 
chow), [Vena oph- 
thalmica posterior^ 
Ecker), (Fig. 1600') 
arises on the pos- 
terior wall of the 

orbit on the M. pterygoideiis ; it passes under the Processus zygoma- 
ticus to join the facial vein, and in its course receives the Vena 
ophthahnica (see eye), and communicates with the Vena orhitalis 
medialis and the internal jugular vein. 

h. The Vena facialis (Fig. 160) is formed about the middle 
of the orbit by the union of the Vena nasalis ond the Vena orbitalis 
anterior ; it courses backwards towards the angle of the jaw. On 
reaching the M. depressor maxillae, about 4 mm. in front of the 
angle of the jaw, it passes on to the skin. It receives in its 
course the Venae palpebrals (Fig. 162) and the Ve7ia orbitalis 
posterior. 

The musculo-cutaneous vein is the direct continuation of the 
Vena facialis after this has left the upper jaw ; it immediately 
receives one or more twigs (Venae tympanicae), (Fig. 162) from the 
tympanic membrane and the tympanic cavity. 

The vein then courses backwards in the outer wall of the lateral 
lymph-sac as far as the middle of the trunk, where it passes, by 
means of the Septum abdominale, to the outer border of the Portio 



Courw of the cutaneuiu vein as seen from the side. 

cm. Cutaneous vein. 

d M. depreaeor maxillae. 

t M. infraspinatus. v 
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aMomina/i* of the M. pcclornlin ; here the vein curveH round to piifs 
forwards between the fibres of this muscle Ut its inner border where 
it t«nnina.teB by joining the brachial vein. In the whole of this 
lengthy lonrse the vein receivce numeniiis branches fnim the 
neighbouring: parts. 

(l) The brachial vein 
Fig, 163. {Fena fjrachialii<) is formtil 

in the PUea cuhiti by the 
union of two veins. 

a. The radial \«n 
(/fHrt ra'lia/k} arises ..n 
the dorsum of the band 
from a venous arch, Ihc 
distal convexity of which 
recfivesthe Venae du/iMrt 
ihirmlfif : the vein courses 
sujierfieially along the 
outer side of the forearm 
to the elbow. 

ff. The ulnar vein 
{ leaa u/narif) arises from 
the veins in the palm of the 
hand, and cnun^es towards 
the elbow, lying deeply 




betwi 



the 



«.-Ies 



the inner and outer suf- 
faces of the forearm, 
the elbow the vein 
comes superficial neard 
tendon of the M. » 
deulmwiiafi*, and 
the radial vein to fo| 
the brachial vein. 
The cutaneous 
of the fore-limb 



2. The Posterior C 
Vein {Veua rava infm 
(Fig. 159 Cp, 16% VA 
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The posterior caval vein is a median vein which, commencing be- 
tween the kidneys, runs forwards to open into the posterior end 
of the Sinus venosus. It receives the hepatic, renal, and ovarian or 
spermatic veins. 

a. The hepatic veins [Venae hepaticae), (Fig. 164 v,h.) are two in 
number, one from either side of the liver; they open into the 
posterior caval vein near the Sinus venosus. 

b. The renal veins [Venae renales or Veyiae reve/ienfes), (Fig. 
16^ r) are four or five small vessels on each side; they pass from 
the inner border of the kidney inwards and forwards, to form, 
by their union, the posterior caval vein. The most anterior receive 
branches from the fat-bodies (see kidney). 

o. The Bpermatio or ovarian veins are four or five in number on 
each side; they open into the posterior caval vein between the renal 
veins. 

3. The Portal Systems. ^ 

[There are, in the frog, two portal systems ; the renal and the 
hepatic. Each of these receives vessels which are derived, directly 
or indirectly, from the veins of the hinder extremity. 

The femoral vein on entering the pelvis divides to form two 
branches; an iliac vein placed dorsally, and a pelvic vein placed 
ventrally; the two pelvic veins converge to the middle line of 
ventral wall of the abdomen, where they unite to form the ante- 
rior abdominal vein.] 

a. The renal portal vein ( Vena renalis advehens princeps), (Fig. 
163 a). This vein is formed by the union of the sciatic and the 
iliac veins ; it courses forwards to the outer border of the kidney, 
and is distributed, by numerous branches, to that organ, chiefly 
on its dorsal surface. It receives the following veins : — 

(i) The iliao Yeva{Vena iliaca externa) ; this is the dorsal branch 
formed by the bifurcation of the femoral vein. 

(2) The soiatio vein [Vena iscAiadica), (Figs. 163 and 165 i) 
arises at the popliteal space, courses upwards in company with the 
sciatic nerve between the AI. semitendinosus and the M. biceps^ then 
passes, still with the nerve, between the 3/. vastus externus and tllfe 
M. pyramidalis into the pelvis. It continues forwards to join the 
iliac vein. At the root of the thigh this vein communicates with 
the femoral vein by the Ramus cowmunicans iliacus. 
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(3) The dorso-lumbar vein (/Vsa dorto-l*mbali»), (Fig. 163 a')« 
a vein (or more UBually several) arising- by twigs in the dorsal and 
out«r walls oi the abdomen ; it jpinB the renal portal vein opposite 
the kidney. 

(4) The oviduosl veiiiB (Fig. 163 ob) are irregular veins from 
the oviducts, which open either into the dorso-lumbar vein, or into 
the renal portal vein. 

b. The hepatio portal sTstem. 
The liver receives blood from two f 



Fig. 164. 



: (1) from the hind- 
limbs by means of ^e 
anterior abdominal 
vein, and (2) from the 
alimentary canal by 
the hectic portal vein. 
The ant«iioT ab- 
dominal vein {Fena 
abdorn inalii), (Figs. 159 
ab, 164 Va) is formed, 
a httle in front of the 
symphysis pubis, by 
the union of the two 
pelvicveins. Itcouisee 
forwards along the 
middle line of the 
ventral body-wall im- 
til opposite the liver, 
where it ascends and 
divides into three 
branches, of which 
two enter the right 
and left lobes of the 
liver respectiveyl. The 
third, the Bamut de- 
fci'ndeni, joins the 
hepatic portal vein. 
The anterior abdomi- 
nal vein receives the' 
following veins : — 
a. The vesical vein {Vi-na vencafU), (Fig. 163 Fv); a median 
vein arising in the groove between the lobes of the bladder from 
lateral branches, which extend outwards on the bladd^. This vein 




01, Klght lube or II 
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communicates above with other vesical twigs which opeii into the 
haemorrhoidal vein. 

fi. Parietal veins, which join the anterior abdominal vein in its 
course along the ventral body- wall. 

y. A cardiac vein (Vena cardiaca), (Figs, 142, 159 vc, 164 c*), 
which joins the anterior abdominal vein just before its division 
(see p. 222). 

The hepatic portal vein [Fena porlanim), (Figs. 159, 164 JP) 
is formed by the union of the gastric, intestinal, splenic, and one 
of the haemorrhoidal veins. The large vein so constituted passes 
forwards towards the liver, receives the Ramus descefidetts from the 
anterior abdominal vein, and then passes into the left lobe of the 
liver. Its branches are the following : — 

(1) The gastric veins. The stomach has three veins : — 

a. [The Fena coranaria vetilriculiy which receives blood from the 
hinder end of the oesophagus and anterior portion of the stomach. 

j8 and y. Two other veins which form an Arcus caronarius on the 
concave surface of the stomach; the hinder receiving in addition 
the small Fenae pancreaficae and the Fena duodenalu ; the trunk so 
formed receives the Fena coranaria ventriculi (Hoffmann). 

(2) The intestinal veins ; the veins of that portion of the ali- 
mentary canal between the middle of the duodenum and the 
anterior end of the large intestine open into a common vein which 
joins the hepatic portal vein. 

(3) The splenic vein joins either the hepatic portal vein or one 
of the intestinal veins. 

(4) The haemorrhoidal veins are three in number ; the anterior 
opens into the splenic vein, the remaining two into the portal veins 
through the agency of the intestinal veins.] 

4. The Veins of the Hinder Extremity. 

The hinder extremity has two venous trunks, the sciatic vein and 
the femoral vein. 

a. The femoral vein [Fetia femoraUs)^ (^^g* ^^5f) ^^ ^^® larger 
venous trunk of the hinder extremity. It arises in the popliteal 
space as a direct continuation of the posterior tibial vein, courses 
upwards in company with the sciatic artery and nerve, then leaves 
these to wind forwards and outwards, and appears between the 
origins of the M, vastus extemus and of the J/, rectus anterior. 
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The vein here givtsa off the RamuK rommunkant iliacuc to the nciatio 
vein, and turns forwards and downwards around the M. gfulaenii 
massiiiiug to reach the floor 
^V '^S' oE the pelvis, near the fe- 

moral articry. Tlie vein 
then bifurcates to form the 
pelvic and iliao veins. 

(l) The Satnii* comnnt- 
ni'-aH« iliacut (Pij;;. 1 65 r.i.) 
forms a commimieatioii 
with the sciatie at the base 
of the thigh, 

(a) The poBterior tibial 
vein (rc«a i ibiali* po*lica), 
of which the femoral is a 
continuation, arises on the 
dorsal surface of the toes 
and foot. It runs super- 
ficially on the M. fxlfnitor 
httgm digitl prmi over the 
ankle-joint, courses up- 
wards and winds round 
the outer surface of the 
ti bio-fibula to the flcsor 
surface. It receives, in ite 
course, muscular branches, 
and at the knee a lar^ 
cutaneous branch. 

b. The BOiatio vein: 
this vein has already been 
described (see p. 24?), but 
the vein from which it 
arises retiuires description. 
The anterior tiliul 
vein ( Vena t'Malii an- 
tiea) arises on the dorsum 
of tlic foot by twigs from 
the toes ; it courses under the M. exiengor luwiv* {ligili primi, then 
upwards on the anterior surface of the leg, and enters the canal in 
the tibio-fibula to appear on its binder surface. The vein then 
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receives twigs from the M. peronevSy the M» tibialis posticus, the M. 
ffostroenemius, and a large cutaneous branch. 

a. The Vena cutanea cruris medialis (Fig. 165 i') receives branches 
from both above and below^ and enters the popliteal space to join 
the anterior tibial vein. 

fi. The anastomosis on the dorsum of the foot^ from which the 
anterior tibial vein arises^ receives perforating twigs from the 
plantar surface. 



PART II. 

THE LYMPHATIC SYSTEM. 

(The arrangement of this section has been considerably altered.) 

[The lymphatic system of the frog may, for descriptive purposes, 
be advantageously treated of in four parts : 

1. The subcutaneous lymph-sacs. 

2. The lymph-hearts. 

3. The lymph-spaces of. the body, and those lying between 
the various organs. 

4. The lymph-vessels of the separate organs. 

The first two parts will be described in this section ; the remainder 
with the organs or parts of the body with which they are more 
intimately associated. The spleen will be described with the ab- 
dominal viscera. 

1. The Subcutaneous Lymph-Sacs. 

A number of large spaces exist between the skin and the muscles, 
in which there is no direct attachment between these parts. These 
spaces are separated from each other by thin connective-tissue 
septa, stretched between the muscles and the skin, and by attach- 
ments of the skin to the underlying structures. 

Job. Miiller first demonstrated that these spaces were connected 
with the lymphatic system, and that the contained fluid was lymph. 
Although this fact was contradicted by Meyer it received confirma- 
tion from Stannius, Leydig, and especially from Recklinghausen, 
who showed that the fluid of the lymph-sacs was carried away by 
the lymphatics, and that later it entered the blood-stream. 



252 



THE VASCULAR SYSTEM. 



A. The Lymph-sacs of the Head and Trunk. 

a. The septa. The connective-tissue septa themselves contain 
sinuses which occupy the space between their two surfaces (Pig. 
1 66) : these septal sinuses receive the contents of the cutaneous 
lymph-vessels and forward their contents into lymph-vessels situated 
in the septa. Such a sinus is shown in transverse section in Fig. 
1 66, which is a section of the ventral septum. The same sinus, in 
plan, is seen in Fig. 167. 

(i) The dorsal septum {Septum dormle), (Figs. 169 and 171 d) of 
each side commences at the tympanic membrane ; it is then attached 
to the M, depressor maxillae, M, infraspinatn^y and M^ longis^imm 

Fig. 167. 




Transverse section of a sep- 
tum with the attached 
skin, its contained siniiH 
injected with blue injec- 
tion mfWB. 

// Skin. 
* Septum. 

•S Hinus contained in the 
septum. 




The s%nu$ abdominalis lateral^ (Ecker) ii^ected 
with blue masai 

H Skin with its lymph-veasels. 

S Sinus of Uie septum with Ijrmph-Taasela 

o|)ening into it 
$ The septum cut parallel with the skin. 



dorsi ; and continued backwards over the M. obli^uus aMaminin 
extemus to the anterior end of the M. gluf-aeus, whence it extends 
along the iliac bone, where it is connected with the posterior 
lymph-heart and the M. 2^rifarmis, to the tip of the urostyle. At 
the tip of the M, glutaetcs it is joined by the iliac septum. The 
posterior part of the septum is horizontal, and forms the roof of the 
iliac lymph-sac. 

(2) The ventral septum. (Septum abdominale), (Figs. 169, 170, and 
171 a), commencing at the Symphysis pubis, runs forwards and out- 
wards, on cither side, along the outer border of the M, rectus abdom- 
inis to the Portia ahdomiiialis of the M, pectoralis {p'")y where it is 
attached, at a right angle, to the pectoral septum ; it then extends 
forwards, after attachment to the axillary septimi, to the outer 
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angles of the maxillary septum. At the root of the anterior ex- 
tremity it divides to enclose the root of the limb, and so form the 
axillary septum. 

(3) The pectoral septum {Septum pectorale), (Pigs. 170 and 171 ^) 
is attached to the superficial surface of the M. jiectoralit (Poriio 
siemalU, anterior a.nd posterior) ; it rune trauBvereely across the body, 
and is attached at its outer end to the ventnl and to the maxilUry 
eepta. The septum passes obliquely baek^vards and downwards 
to be attached t^ the skin, and bo forms a very acute angle with 
the M. cttlanens pectorit [cp) : a vertical band of connective- tissue, 
broad behind, narrow in front, extends in the middle line from the 
septum to the body wall ; from it a certain amount of loose con- 
nective-tissue extends in all directions, and forms open lymph-spaces 
between the MM. cutanei p^t&rale$ and the vertical septum, 

(4) The perineal septum {Septum „ ^^^ 
perineale), (Fig. 170^). This me- 
dian septum extends from the at- 
tachment of the dorsal septum to the 
tip of the urostyle, backwards to the 
symphysis pubis, where it joins the 
ventral septa. In its attachment 
it follows the middle line of the 
;>erineum. 

(5) The Qiaxillary septum {Sep- 
tum maxillare), (Pigs. 170, 171 m) 
i» attached by either extremity 
to the dorsal septum, near the 
.tympanic membrane, is continued 
downwards to unite with the 

anterior end of the ventral septum, and then runs acrose the 
anterior pectoral region, furming a curve with the convexity 
forwards. It has inserted into it fibres of the M. »Hhmaxillari*. 
The septum is formed of very loose tissue, and frequently contains ■ 
deposits of fat; it encloses a well-marked septal sinus, the Sinvn 
tioraeicm tran*ver««i (Ecker). 

(6) The iliao septum (Figs. 169, 172 15, 173 y) is a septum 
extending from the dorsal septum to tlie inguinal septum. It is 
attached to the dorsal septum opposite the anterior end of the 
M. fflulaeni, and extends outwards and downwards to the inguinal 





septum. In it 
the M. attaneu* 
iiiacut pamcg 
from the tnmk 
to the skin. 

(7) The ingni- 
nal septum (La- 
mina inguinalU, 
Ecker), (Figs. 
169, 171, the 
dotted line near 
15, Pig. 173, 
separatee the 
belly from the 
thigh ; on the 
ventral surCace 
it is attached to 
the groove which 

The Irmph^aoi of JIaH 



IntarfamotAl Tympb- 



tfaafooL 
nine 1]>mph-«t 



liit«nzudikt« famonl 
Puturkir bnehUlI HV- 



' In Fige. 16S, 169, and 170 the dotted lines denote the boundariM of the t 
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forms the boundary between the belly and thigh; on the dorsal 
surface it is more posterior^ and is attached to the dorsal surface of 
the muscles of the thigh at some little distance from the trunk. It 
completely surrounds the root of the hinder limb. It has attached 
to it the ventral^ dorsal^ and iliac septa^ together with the septa 
of the thigh. 



b. The lymph-saos. 

(i) The dorsal lymph-sac (Saccus cranio^orsalis), (Figs. 169 and 
171 i). This is a large lymph-sac, extending from the tip of the 
snout to the tip of the urostyle; it is bounded in front by the 
attachment of the skin to the premaxillary bones ; the line of 
attachment is continued, on either side, along the inner border of 
the external nares, then forms a pouch towards the jaw and in front 
of the eye, and runs backwards along the upper border of the orbit, 
where it is attached to the upper eyelid, to the inner border of 
the tympanic membrane. In this course the skin is firmly attached 
to the underlying parts. The lateral boundary of the lymph-sac, 
behind this point, is formed by the dorsal septum, which separates 
it from the lateral lymph-sac. 

(2) The ventrallymph-sac (4&ICCM* aWcwwiwa/w), (Figs. 170,171 2) 
is triang^ar in form, with the base forwards at the breast, and the 
apex behind at the pelvic symphysis ; it occupies the space between 
the skin below and the belly muscles and part of the M, pedoralis 
above.* It is bounded anteriorly by the pectoral septum (/?) and 
laterally by the ventral septa (a). 

(3) The lateral lymph-sac {Saccu9 lateralis)^ (Figs. 169, 170, and 
171 3) exists on either side; below, the sac is bounded by the 
ventral septum (a), above by the dorsal septum (rf), anteriorly by the 
maxillary septum {m), and posteriorly by the inguinal septum (/) and 
the wall of the iliac lymph-sac. 

(4) The submaxillary lymph-sao {Saccus submaxillaris), (Figs. 

170 and 171 4) is a space between the M. suhmaxillaris and the 
skin ', the sac is bounded behind by the maxillary septum, which 
separates it from the pectoral lymph-sac, and more laterally from 
the lateral lymph-sac. In front and at the sides the skin is firmly 
attached to the margin of the mandible. 

(5) The i>eotoral lymph-sac (Saecus thoracictui), (Figs. 1 70 and 

171 5) lies between the submaxillary and ventral lymph-sacs. • The 
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sac is bounded behind by the pectoral septum (p), and in front by 
the maxillary septum (m). 

(6) The iUao lympli- 
sao (Saccut iliacut), 
(Figs. 171 and 173 is, 
1 73) does not really be- 
long to the Bubcutane- 
ous lymph-sacs, as it 
does not lie directly un- 
der the skin except by a 
very narrow border. It 
is bounded in front by 
tbe iliac septum, above 
by the dorsal septum, 
and posteriorly by the 
inguinal septum. By 
these boundaries a space 
is enclosed, which lies 
under the dorsal septum 
and dorsal sac, and at 
the same time partly 
under the lateral sac. 
In this sac the M, 
glulaeui, the anterior 
ends of the M. vattut 
extemu», M. rectvt an- 
terior, and M. cuianeu* 
iliacu*, lie free together 

Tha iTrnpli-iiKa o( Sana aealrfia. 

I Doml Ijinph-Hii. 
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with the hindmost part of the M, obliquus abdominis eMemn*, 
and the hinder portion of the posterior lymph-heart. Anteriorly 
the floor is depressed between the M, obliquus abdominis and the 
3/. glutaeuSy the depression leading to a canal^ which communicates 
with the abdominal cavity. 

B. The Lymph-sacs of the Anterior Extremity. 

a. The septa. 

(i) The axillary septum {Septum axUlare), (Figs. I'joa'^a", 
171) is practically a portion of the ventral septum, which divides 
at the root of the arm to enclose it. The dorsal and ventral por- 
tions of this circular septum have received si>ecial names. 

a. The dorsal axillary septum 
^^' '^^' {Septum axillare dorsah) crosses the 

M, triceps and joins the pectoral 
septmn. 

fi. The ventral axillary septum 
{Sejdum axillare dorsale) passes 
through the axilla and joins the 

Transveree Bection through the trunk in the P^Ctoral SCptum. 

region of the ilijvc lymph-itac. mi • i m , -% 

„ , , Ine circular axillary septum has 

f' Skin. attached to it the following : — 

o Mtutcles of ubdominiU w.-UI. 

I Doreai iynii>}i.8ac (2) Thc posterior brachial sep- 

3 Lateral lyuiph-Hoc. . . . 

15 Iliac iymph-8ac. tum {Septtu/i bracliiale ponticum (Pig. 

169 *); it is attached along the 
middle line of the extensor surface of the arm (long head of the 
M. triceps) to the elbow and to the forearm {MM, anconaei), then passes 
obliquely over the volar surface of the hand to the fourth finger. 

(3) The anterior braehio-ulnar septum {Septum brachiale anticnm 
ulnare), (Fig. 1 70 /') commences at the same point as the foregoing, 
l>asses obliquely over the outer head of the M. triceps, and is con- 
tinued over the M, flexor antihraehii lateralis, M, supinator longus, and 
M. extensor digitorum communis, to the dorsal surface of the fourth 
finger. 

(4) The anterior brachio-radial septum {Septum brachiale an- 
ticuni radiale)y (Fig. 1 70 /"') passes f i-om the outer angle of the wall 
of the pectoral lymph-sac, over the inner head of the M. triceps and 
M, flexor carpi radlalis to the thumb. 

b. The lymph-sacs are enclosed by these three septa ; they are 
four in numl)er: — 
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(i) The braohio-ulnar lymph-sac {Sarciit brachuilU uhari*), 
(Fig. 1 70 5) is Bituated between the first and second septa aloni^ the 
extensor and ulnar surfaces. 

{2) The braohio-radial tymph-aao [Saccvn y. ^ _ 

fjra<Jnali» ratUa/it), (Fig. 169 7) is placed 
along the extensor and radial surfaces. 

(3) The anterior brachial lymph-sac 
(Sai:cv» hrarhialig aidicim), (Fig. 170 8) lies 
on the flexor surface between the second 
and third septa ; it is a long cavity and in- 
terrupted by connective-tissue bands, in 
which the tendon of the M. tlerno-railiali* 
and the nerve and vesBels are situated. 

(4) The axiUary lymph-sao {Saccu* oxil- 
larU) corresponds to the iliac lymph-sac ; 
it is bounded by the divisions of the ventral 
septum. 

In the hand no large lymph-space exists ; 
the skin is attached by numerous bands to 
the underlying stnMtures. 

C. The Lymph-sacs of the Hinder Ex- 
tremity. 

a. The septa. 

(i) The superior femoral septum {Si-p- 
tumfemoraIe»ujii'riu»),{¥\^. 169 and 175 J*) 

is attached above to (he inguinal septum '»itil the»bd..min«r™iitjV 

near the post^irior lymph-heart; and is 

continued, from this point, over the M. raxdia rjrferau* and along 
the 3/. fricep* to the knee. 

(2) The inferior femoral septum {Septnm femorale tuferiiig), {Figs. 
170 and 175/") runs from the inguinal septum near the point 
of insertion of the M. reeias abdominis, along the 
.?/. rertu* iiiternv* miHor to the knee, 

{3) The intermediate femoral septum (Sejilnm 
femorale iiiterii/tdinm), (Figs, i69-and 175/'") paj^ses 
from near the posterior lymph-heart over the 
il. nemimembTaitmim and the HI. rect'ii iiifennii minnr 
to join the inferior femoral septum. 
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(4) The tibio-femoral septum [Septum femorO'Crurale) is a circular 
band^ separating the lymph-sacs of the thigh from the leg sac. 

(5) The septa of the foot. At the ankle joint the skin is closely 
attached all round to the underlying parts. Along the outer border 
of the foot a septum is attached to the skin externally, and to the 
underlying parts, especially the M, abductor longu^ digiti prifni, 
internally. A similar but weaker band is attached along the outer 
border of the foot, especially to the M, adductor digiti quinti. 

b. The lymph-sacs. 

(i) The femoral lymph-sac {Saceu^ femoralis), (Figs. 169, 170, 
171, 175 9) covers the lower and outer surfaces of the thigh; it is 

bounded by the superior femoral and 
inferior femoral septa, and in front 
^. ^ J sm by the inguinal septum. 

' (2) The suprafemoral lymph-sao 

„ (Saccus supraf em oralis), (Figs. 169, 
171, 175 10) lies on the upper sur- 
face of the thigh, between the 
v^ s ri' V" superior and intermediate femoral 

Transverse aection of the thigh. SCpta ; aboVC it is bouudcd by the 

/' Superior femoral septum. o Jr 

r Inferior femoral septum /^\ rpj^^ interfemoral lymph-sac 

/" Intel-mediate femoral septum . / . . 

H Skin. (Saccus iiifeifemoralis), (Figs. 169, 

ri' M. rectus intemus major. . _ , .- - \ • xi. 

rf" M. rectus intemus minor. ^7^> ^75 ") ^® ^ UarrOW SaC OU thC 

' M. sartorius. iuucr surfacc of the thiffh, between 

sm M. semimembranosus. i-p-p -i ^ ' 

ve M. vastus extemns. the lufcnor fcmoml scptum and the 

lo supi^m^^^fy^h-sac. intermediate femoral septum. It 

iz interfemorai lymph-sac. covcrs the M, rcctm infemus minoT, 

and is interrupted by numerous bands of tissue which pass from the 
surface of the muscle to the skin. It is, therefore, not a simple sac, 
but a very wide-meshed trabecular structure of connective-tissue. 
The sac is triangular in shape, with the base directed forwards at 
the inguinal septum. 

(4) The lymph-sac of the leg is a simple sac enclosing the 
whole leg, bounded above by the tibio-femoral septum, and below by 
the attachment of the skin to the ankle. 

(5) The lymph-sacs of the foot. On the dorsum of the foot the 
skin is free, and there is consequently a lymph-sac. On the plantar 
surface the skin is attached by numerous connective-tissue bands 
and thread-like tendons, particularly to the flexor tendons. The 
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skin of the dorsal and plantar surfaces meet on the web and 
enclose a very rich anastomosis of lymph-capillaries. 

2. The Lymph-Hearts. 

The frog has two pairs of lymph- hearts, one pair anterior, the 
other posterior. 

A. The anterior lymph-hearta (Fig. 176). These oi^ns lie, 
one ort each side, behind the broad transverse processes of the third 
vertebra (Muller, Fanizza, Priestley), in a deep triangular space 
formed by the separation of the fibres of the M. intertramversarius, 
between the transverse processes of the third and fourth vertebrae. 
Each heart is a rounded sac, slightly elongated anteriorly where 



Fig. 176. 



Fig. 177. 




it is connected with the subscapular vein. [The hearts receive 
lymph from the anterior part of the body and the surrounding 
parte, and empty their contents into the vertebral vein. Each of 
these hearts is supplied by a bmncb from the second spinal nerve 
(Volkmann, Eckhard, Schiff, Priestley).] 

B. The posterior lymph-hearts (Fig. 177) are situated on either 
side of the urostyle in the triangular spaces (Miiller, Panizza, 
Priestley), bounded externally and above by the M. glutaeKt, 
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internally and above by the J/. cocc^geO'Uiacuif, below and ext<?r- 
nally by the origin of the M. vastus exfemvSy and below by the 
M, pyramid alls. Each posterior heart is about two lines long and 
one broad, with its long axis placed antero-posteriorly ; the outer 
surface is uneven and appears to be unequally dilated. The lymph- 
heart is closely attached to the surrounding parts, especially to 
the fascia covering the M, iUi-cocci/gea, and posteriorly to the 
M, levator ani and the M, pyramidalis, [The posterior lymph-hearte 
receive lymph from the parts surrounding them, and from the 
hinder extremities, and forward it into the V, iliaca cowmunicans. 

The posterior lymph-hearts are each supplied by a branch from 
the corresponding coccygeal nerve (Waldeyer) by it« dorsal branch. 
The lymph-hearts are also in close connection with the sympathetic 
system (Waldeyer).] 



PART III. 

THE BLOOD, LYMPH, AND HISTOLOGY OF 

THE VESSELS. 

[The i)arts described in this section will be considered very 
briefly, and only from an anatomical point of view. 

A. The blood ^ 

TliQ blood varies in colour, according as it is obtained from an 
ai-tery or from a vein ; from an artery it lias a bright red or scarlet 
colour ; from a vein a darker shade : in the pulmonary vessels these 
colours are reversed. The blood consists of a fluid plasma which 
contains red and white corpuscles : the whole forming a slightly 
alkaline, opaque, and somewhat sticky fluid. 

a. The plasma or liquor sanguinis is a transparent, clear, slightly 
yellow fluid, faintly alkaline in reaction. 

^ Mr. Hurst has noticed a ft-og (li. temporaria) in which the blood was ptrfectly 
Colourless. 
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b. The corpuscles are of two kinds^ colourless and coloured. 

(i) The colourless or white corpuscles are subspherical masses of 
protoplasm, endowed with the power of spontaneous motion. They 
are much fewer than the red corpuscles, though the proportion of 
white to red varies considerably. Three chief varieties of colourless 
corpuscles can be distinguished, all of which are true cell forms, 
and behave like other cells with staining or other reagents. They 
liave no cell- wall, but are simply nucleated masses of protoplasm. 
These corpuscles possess the power of passing through the walls 
of the blood-vessels, and are then known as migratory cells ; such 
migratory cells can be found in nearly all tissues, but more espe- 
cially in the connective-tissues. 

cf. Ordinary large colourless corpuscles are large transparent 
masses of protoplasm containing one or two nuclei, rarely three 
or more. The cell contains few granules, and usually has one or 
more vacuoles or clear spaces containing fluid. 

/3. Granular corpuscles are less numerous than the foregoing, but 
larger, and are distinguished by the numerous large dark granules 
which they contain. The processes such a corpuscle sends out are 
h valine. 

y. Smaller corpuscles also occur varying much in form: they may 
consist of a nucleus with a very small amount of hyaline or granu- 
lar protoplasm, or of several nuclei with an extremely small amount 
of protoplasm. 

(2) The coloured corpuscles are much more numerous than the 
(.'olourless corpuscles; each is a bi-concave, oval disc, about 
00255 ^"^- ^^ length, and 0-017 mm. in breadth (Gulliver)^ 
(R. temporaria, 0*0235 and 0*0145 mm. respectively). Each cor- 
puscle possesses an oval nucleus (Hewson)*, which projects into 
either concave surface of the whole corpuscle. These corpuscles 
do not possess the power of spontaneous movement; and have no 
cell-wall. The corpuscles are of a reddish-yellow colour, and 
give the blood its characteristic hue. The colouring matter is 
haemoglobin, and when separated it crystallizes in prisms (Preyer). 
The corpuscles show a well-marked intracellular and intranuclear 
network.] 



' Gulliver, Proc. Zool. Soc. London, 1845, Vol. XIII, p. 93 seq. 
^ Hewson, Phil. Trans. 1773, Vol. LXIII, p. 310 seq. 
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B. [The Lymph and Chyle. 
The lymph is that ijortion of the blood which haa filtered t 

tho blood-vessels, through the tissues, into the lymphatics. It M 
clear, ti^nsparent fluid, containing colourless corpuscles, which agree 
in all particulars with the colourless corpuscle* o£ the blood. During 
digestion the lymph from the alimentary canal contains particles of 
latty matter, and is then known as ohyle.] The colourless cor- 
puscles of the lymph frequently contain portions of red corpuscles 
or granules of pigment. Non-nucleated masses o£ protoplasm and 
decolourised red corpuscles (slightly diminished in size) have also 
been described as occurring frequently in the lymph (Fuchs').] 

C. [Histological Remarks on the Vascular System. ^H 

a. The heart has already been described (pp. 216-222). ^M 

b. The blood-Tessels present the same stnicture as the corr&^ 
sponding vessels in higher animals. The arteries and rein» have 
each the three walls or layers usually described — Tunica aih-euUtia, 
Tunica media, and Tunica infuiia. The only characteristic to be men- 
tioned is that the Tunica advenlitia contains branched, pigmented 
corpuscles. The Nervi vaiorunr, especially of the smaller arteries, 
are arranjjed in two plexuses, one in the Tunica adveut'dia (His)*, 
the second in the muscular coat (J. Arnold) ^. The fibres of both 
plexuses are non-medullated, and have the usual headed appearance ; 
they communicate freely with each other. The capiUariea present, 
as a rule, the usual structure: such special arrangemeuts of the 
capillaries or pecidiarities in stnicture as occur wiW be described 
with the organs in which they arc foimd. 

c. The subcutaneous lymph-sacs are lined with a layer of 
endothelium resembling the endocardium shown in Pig. 14^; the 
endothelial layer possesses stomata (see peritoneum), through which 
the lymph-saes communicate with the underlying lymphatics. The 
endothelium is continued on to the vessels, nerves, etc., which 
course through the sacs, and excludes these from the cavities. As a 
rule an arterj', vein, and ncr\e are enclosed in a common sheath. 

d. The lympb-hearta are small saccular bodies with thin trans- 
parent walls, which contain obscurely striated muscle-fibres. The 
vessels communicating with the hearts appear to possess valves 



■ Fuchi", VirehowB Arch. 187J, Vol. LXXI, p. 

' Hii, Virchnw-* Arcb. 1863, Vol. XXVIII, p. 4J7. 

' Arnold, Id Stricker'a Buidbnch d. Geirebelehra, 
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(Miiller). The walls of the hearts are formed of three layers ; an 
external^ compared by Waldeyer to an adventitia, a muscular layer, 
and an endothelial lining. The muscular fibres form a close inter- 
lacing mass, the fibres being small, branched (Leydig), and pos- 
sessed of many nuclei. Among the muscular fibres are pigmented 
corpuscles, together with meduUated and non-medullated nerve- 
fibres, but no ganglion-cells (Volkmann, Waldeyer, Priestley). 
The adventitia is a connective-tissue layer with many pigment 
cells (Leydig, Hyrtl, Waldeyer).] 



SECTION V. 



THE ALIMENTARY TRACT WITH ITS APPENDAGES, 
THE SPLEEN, AND THE PERITONEUM. 



THE ALIMENTARY TRACT, ETC. 

IiITEXtATUBE. 



THE MOUTH. 

(Except the mucous membrane of the tongue, for which gee organ of taste.) 

Duorotay de BlainviUe, H. M., Ost^ographie ou description ioonographique 

compart du squelette et du syst^me dentaire des cinq classes d'animauz yert^r^ 

Paris, 1 841. 
XSrdl, Ueber den Bau der Zahne bei den Wirbelthieren, etc. Munchen, 1841. 
Fixen, C, De linguae raninae struotura. Dorpat, 1857. 
Heinoke, F., Untersuchungen tiber die Zahne niederer Wirbelthiere. Zeitsch. t 

wiss. Zool. 1873. Vol. XXIII, p. 495. 
Hertwig, O., Ueber das Zahnsystem der Amphibien, etc. SuppL to Vol. XI, 

Arch. f. mik. Anat. 1874. 
Hoffinann, C. K.^ Bronn*s Thierbuch. Leipzig and Heidelberg, 1873-1878. VoL 

VI. p. 379- 
Holl, M., Zur Anatomie der Mundhohle von Bana temporaria. Wiener Acad. 

Sitzungsb. 1887. Vol. XCV, Pt. Ill, p. 47. 
Hoyer, Ueber die Epithelzellen der Froschzunge, sowie iiber den Bau der Cylinder- 

und Flimmerepithelien und ihr Verhiiltniss zum Bindegewebe. Arch. f. Anat. 

u. Physiol. 1858, p. 163; also Deutsche Klinik, 1857. 
Langer, C, Ueber das Lymphgefdsssystem des Froschee. Wiener Acad. Sitzungsb. 

1867. Vol. LV, Pt. I, pp. 614-621. 
Leydig, Die Anuren Batrachier der deutschen Fauna. Bonn, 1877. 
Owen, H., Odontography. London, 1840- 1845, p. 187. 
Beiohel, P., Beitrage zur Morphologie der Mundhohlendrfisen der Wirbelthiere. 

Leipzig, i88a ; also in Morph. Jahrb. 1882, Vol. VIII, pp. 1-72. 
Santi Birena, Untersuchungen iiber den Bau und die Entwicklung der Zahne bei 

den Amphibien und Beptilien. Verhandl. d. phys.-med. Gesellsoh. in Wtin- 

burg, 1872. Vol. II, new series, p. 125. 
SohObl, J., Ueber divertikelbildende Capillaren in der Bachenschleimhaut nackter 

Amphibien. Sitzungsb. d. k. b. Gesellsch. d. Wiss. in Prag. 1878, p. 15; 

also in Arch. f. mik. Anat. 1885, Vol. XXV, p. 89. 
Sohultae, F. E., Das Drusenepithel der schlauchformigen Drdsen des Diinn- und 

Dickdarms und die Becherzellen (of the pharyngo^ral cavity). Centralbl. f. d. 

med. Wiss. 1866, p. 61. 
Sohultae, F. E., Epithel- und Driisen-Zellen. Arch. f. mik. Anat. 1867. Vd. Ill, 

p. 137- 
Smith, 'W, J., Beitrag zur differentiellen Diagnose der Rana fusca s. platyrrhinus 
und Rana arvalis s. oxyrrhinus auf Grund der an den Gaumenzahnen nachweis- 
baren Unterschiede. Pfluger*s Arch. f. d. ges. Physiol. 1883. Vol. XXXII, 
pp. 581-588. 



LITERATURE, 269 

Tomei, O. 8., On the development of the teeth of the newt, frog, tlowwonn, and 
green lizard. Phil. Trans. 1874, p. 285. 

TOrOk, Untersuchungen uber die Entwickelung der Mundhohle, etc, Wiener 
Sitznngsb. 1866. Vol. LIV, Pt. I, p. 75. 

Waller, A., Microscopic examination of the principal tissues of the tongue, etc 
Phil. Mag. 1846. pp. 373-290. 

Waller, A., On the development of the mouth and tongue of the frog. Phil. Mag. 
1850. Vol. I, pp. 38-43. 

Zeller, A., Die Abscheidung des indig.-sohwefelsauren Natrons in den Driisen (In- 
termaxillary gland). Virchow*8 Arch. 1878. Vol. LXXIII, p. 257. 



THE OESOPHAGUS AND STOMACH. 

Biedermann, Untersuchungen fiber Magenepithel. Wiener Acad. Sitzungsb. 1875. 

Vol. LXXI, Pt. Ill, p. 377. 
Bisohoff, Ueber den Bau der Magenschleimhaut. Arch. f. Anat. u. Physiol. 1838, 

P- 503. 
Bleyer, E., Magenepithel und Magendriisen der Batrachier. Dissert. Konigsberg, 

1874. 
Braon, Zum Vorkommen von Flimmerepithel im Magen. Zool. Anzeiger. 1880. 

No. 69, p. 568. 
Brinton, in Cyclopaedia of Anat. and Physiol., edited by B. B. Todd. 1859. Vol. I, 

p. 320. 
Cobelli, Le gliandole acinose del cardia. Wiener Acad. Sitzungsb. 1866. Vol. 

LIII, Pt. I. p. 251. 
ISbstein, W., Beitrage zur Lehre vom Bau und den physiologischen Funktionen 

der sogenannten Magensohleimdrttsen. Arch. f. mik. Anat. 1870. Vol. VI, 

P- 515. 
Eoker, A., Ueber die Driisen der Magenschleimhaut. Zeitsch. f. rat. Med. 1852, 

P- 243- 
Foster, M., On some points in the epithelium of the firog*s throat, Joum. of Anat. 

and Physiol. 1869. Vol. IV, p. 394. 
Freriohs, On the Stomach, in Wagner*s Handworterbuch d. Physiol. 1848. Vol. II, 

p. 748. 
Qlinsky, A., Zur Kenntniss des Baues der Magenschleimhaut der Wirbelthiere. 

Centralbl. f. d. med. Wiss. 1883, p. 225. 
Qonjaew, K., Die Nerven des Nahrungsschlauches. Arch. f. mik. Anat. 1875. Vol. 

XI, pp. 479-496. 
Heboid, 0., £in Beitrag zur Lehre von der Sekretion und Regeneration der 

Schleimzellen. Dissert. Bonn, 1879, pp. 21-27. 
Heidenhain, H., Untersuchungen tiber den Bau der LabdrGsen. Arch. f. mik. Anat. 

1870. Vol. VI, p. 368. 
Hotftmann, C. K., Bronn's Klassen und Ordnungen des Thierreichs. Leipzig und 

Heidelberg. 1873-1878. Vol. VI, pp. 408-412. 
Joat, A., Zur Histologie und Physiologie des Flimmerepithels. Breslauer arztliohe 

Zeitsch. 1885. No. 18, pp. 205-20!$. 
Klein, B., Darmkanal, in Strieker's Gewebelehre, p. 388, etc. 
▼. KOlliker, A., Mikroskopiiche Anatomie, 1854. Vol. II, p. 147. 
liftngley, J. N., and Sewall, H-, On the changes in pepsin-forming glands during 

secretion. Joum. of Physiol. 1880. Vol. II, pp. 261, 281. 
X*angley, J. N., On the histology and physiology of pepsin-forming glands. Phil. 

Trans. 1881. Vol. CLXXII, Pt. Ill, pp. 663-712. 



270 THE ALIMENTARY TRACT, ETC. 

liangley, J. N., On the structure of secretory cells and on changes which take place 

in them during secretion. Internal. Monatschr. f. Anat. u. UistoL Vol. Ii 

pp. 69-76. 
lieydig, Lehrbuch der Histologie. 1857. 
Nussbaum, !£., Ueber den Bau und die Thatigkeit der Driisen. Arch. f. mik. 

Anat. 1882, Vol. XXI, p. 396 ; 188a, Vol. XXVIII, p. 296 ; 1877, Vol. XIII, 

p. 721. 
Fartsch, C, Beitrage zur Kenntniss des Vorderdarmes einiger Amphibien and 

Reptilien. Arch. f. mik. Anat. 1877. Vol. XIV, p. 179. 
Beg^osy, E. N., Ueber die Epithelzellen des Magens. Arch. f. mik. Anat. 1880. 

Vol. XVIII, pp. 408-411. 
Bobinaon, C, Ueber die Lymphgefasse der Abdominaleingeweide des Frosches, etc. 

Froriep's Notizen, 1846. No. 807, col. 225. 
Bollett, Bemerkungen zur Kenntniss der Labdnisen und der Magenschleimhant. 

Untersuch. in d. Institut f. Physiol, u. Histol. zu Graz. 1871. 
Schultse, F. E., Epithel- und Driisenzellen. Arch. f. mik. Anat. 1867. Vol. Ill, 

p. 174; abstract in Centralbl. f. med. Wiss. 1866, No. 4. 
Schmidt, C, Ueber eingenthttmliche aus dem Flimmerepithel hervorgehende Gebilde. 

Arch. mik. Anat. 1881. Vol. XX, p. 123. 
Bewail, H., A note on the processes concerned in the secretion of the pepsin- 
forming glands of the frog. Studies in the Biol. Laborat., Johns Hopkins 

Univers. Vol. II, pp. 1 31-134. 
V. Swieoicki, H., Untersuchungen iiber die Bildung und Ausscheidung des Pepsins 

bei den Batrachiem. Pfluger's Arch. f. d. ges. Physiol. 1876. Vol. XIII, 

p. 444- 
Trinkler, N., Zur Kenntniss des feineren Baues der Magenschleimhant, insbesondere 

der Magendriiseu. Centralbl. f. med. Wiss. 1883, pp. 161-163. 
Trinkler, N., Ueber den Ban der Magenschleimhaut. Arch. f. mik. Anat. 1885. 

Vol. XXIV, p. 74. 
Tnitachel, Ueber die Endigung der Nerven in der Schleimhaut des Magens. 

Centralbl. f. d. med. Wiss. 1870, p. 115. 
Valatour, Recherches sur les glandes gastriques et sur lee tuniques muscalaires du 

tube digestif dans les poissons ossieux et les Batraciens. Annales de Sc. nat. 

1861. Series IV. Vol. XVI, p. 219. 



THE INTESTINE. 

Amstein, C, Ueber Becherzellen, etc. Virchow*s Arch. 1867. Vol. XXXIX, 

p. 527- 
Amstein, C, and Gonjaew, K., Ueber die Nerven des Verdauungskanals. Pfluger s 

Arch. f. d. ges. Physiol. 1874. Vol. VIII, pp. 614-615. 
Auerbaoh, Ij., Femere vorliiufige Mittheilung iiber den Nervenapparat des Darmes. 

Virchow*8 Arch. 1864. Vol. XXX, p. 457. 
Auerbach, L., Untersuchungen iiber Lymph- und Blutgefjisse. Virchow*s Arch. 

1865. Vol. XXXIII, p. 340. 
Auerbaoh, Ij., Organologische Studien. 

Billroth, T., Ueber die Epithelzellen der Froschzunge ; der Bau, Cylinder- und Flim- 
merepithel und ihr Verhaltniss zum Bindegewcbe. Arch. f. Anat u. Physiol. 

1858, p. 159. 
Billroth, T., Einige Beobachtungen iiber das ausgedehnte Vorkommen von 

Nervenanastonio.sen im Tractus intestinalis. Arch. f. Anat. u. Phyt>ioL 

1858, p. 148. 



LITERATURE. 271 

Brettauer und Steinaoh, Unteranchungen ttber das Cylinderepithelium. Wiener 
Akad. Sitzungsb. 1857. Vol. XXIII, p. 303. . Molesohott's Zeitsch. 1857. 
Vol. Ill, p. 157. 

Darsoh, O., Beitiiige zur.Kenntnisa des feineren Banes des Dunndarmes. Wiener 
Sitzungsb. 1880. Vol. LXXXII, Pt. III. p. 168. 

DOnits, Ueber die Schleimhaut des Darmcanals. Arch. f. Anat. a. Physiol. 1864, 

p. 367- 
DOnits, Ueber Darmzotten. Arch. f. Anat. u. Physiol. 1866, p. 757. 

Eberth, C. J., Ueber den feineren Ban der Darmschleimhaut Wiirzb. naturw. 

Zeitschr. 1864. Vol. V, p. 23. 
Eimer, T., Zur Fettresorption, etc. Virchow's Arch. 1867. Vol. XXXVIll, 

p. 428. 
Eimer, T., Ueber Becherzellen. Virchow's Arch. 1868. Vol. XLII, p. 490. 
Simer^ T., Zor Geschichte der Becherzellen. Dissert. 1867. 
Simer, T., Die Wege des Fettes in der Darmschleimhaut bei seiner Resorption. 

Virchow*8 Arch. 1869. Vol. XLVIII, p. 119. 
Elmer, T., Znr Becherfrage. Virchow*s Arch. 1867. Vol. XL, p. 283. 
Srdmann, Die Resorptions wege in der Schleimhaut des Diinndarms. Dissert. 

Dorpat, 1867. 
Fries, E., Ueber die Fettresorption und die Entstehung der Becherzellen. Virchow's 

Arch. 1867. Vol. XL, p. 519. 
Gerlaoh, L., Ueber den Auerbachschen Plexus mysentericus. Arbeiten aus d. 

physiol. Anstalt. Leipzig. 1872, pp. 102-112. 
Gonjaew, K., Die Nerven des Nahrungsschlauches. Arch. f. mik. Anat. 1875. Vol. 

XI, pp. 479-496. 
Gniby and Delafond, R^ultats des recherches faites sur ranatomie et les 

fonctions des villositds intestinales, etc. Compt. rend. 1843. Vol. XVI, 

p. 1 194. 
Grugenhagen, A., Ueber Fettresorption und Darmepithel. Arch. f. mik. Anat. 

1887. Vol. XXIX, p. 139. 
Heidenhain, B., Die Absorptionswege des Fettes. Moleschott*s Untersuchungen. 

1858. Vol. rV, p. 251. 
Henle, J., Symbolae ad anatomiam yillorum intestinalium impr. eorum epitbelii 

et Tasorum lacteorum. Berolini, 1837. 
HofiEtaiann, C. K., Bronn*s Klassen und Ordnungen des Thierreichs. Leipzig und 

Heidelberg, 1 873-1878. Vol. VI, pp. 412-424. 
Klein, E., Der Darmkanal in Strieker's Gewebelehre, Article XVI. 
Klein, E., Contributions to the anatomy of Auerbach*s Plexus in the intestine of the 

frog and toad. Quart. Joum. Micros. Sci. 1873. Vol. XIII, p. 377. 
Klein, E., and Verson, E., Der Darmcanal, in Strieker's Gewebelehre, 187 1, 

P- 355- 
Klein, E., Der neue Nervenapparat v. Thanhoffer*s. Centralbl. f. d. med. Wiss^ 

1883, p. 82. 
V. KOlliker, A., Nachweis eines besonderen Baues der Cylinderzellen des Diinndarms. 

Verhandl. d. phy8.-med. Gesells. Wilrzburg, 1856. Vol. VI, p. 153. 
V. KOlllker, A., Handbuch der Gewebelehre. 
I^mbl, Ueber die Epithelialzellen der Dunndarmschleimhaut. Wiener med. 

Wochenschr. 1859. ^o». 24 and 25. 
IianiEer, C, Ueber das Lymphgefasssystem des Frosches. Wiener Acad. Sitzungsb. 

1866. Vol. LIII, Pt. I, p. 395. 
Letserioh, L., Ueber die Resorption der verdauten Nahrstoffe im Diinn- 

darm. Virchow's Archiv. 1866, Vol. XXXVII, p. 232 ; 1867, Vol. XXXIX, 

P- 435- 
Lipsky, A., Beitrsg zur Kenntniss des feineren Baues des Darmcanals. Wiener 

Akad. Sitzungsb. 1865. Vol. LV, Pt. I, p. 183. 



272 THE ALIMENTARY TRACT, ETC. 

Oefflnger, Einige Bemerkungen iiber die iQgeiiannten BeohenEelleii. Areh. t Aji»i 

u. Phyeiol. 1867, p. 337. 
Parteoh, O., Beitrage znr KenntniM dee Vorderdarmes einiger Amphibien xaad 

Reptilien. Aich. f. mik. Anat. 1877. Vol. XIV, p. 179. 
Bemak, B., Ueber peripkerische Ganglien an den Nerven des Nahmngnohn. Arok. 

f. Anat. n. PhjEdol. 1858, p. 189; alao in Zeii. d. Vereins f. Heilkinide in 

Preassen. 1840. 
Bensoni, Oseerrazioni e ricereke snl epitelio intestinale. Bendiconti dell Acad, di 

Kapoli. 1868. 
Bnsooni, Riflessioni sopra il dsteniA linfatioo dei rettili. Payia, 1845. 
Baohs, J., Zur Kenntniss der Bogenannten Vacuolen oder Beckerzellen im Dnnndann. 

Vipckow's Arcb. 1867. Vol. XXXIX, p. 493. 
Sohultse, F. B., Das Driisenepitkel der Bcklauckformigen Driisen des Bftnn- 

und Dickdarms und die Beckerzellen. Centralbl. f. d. med. Wias, 1866, 

p. 160. 
Bobultse, F. "E., Epitkel- und Drusen-Zellen. Arck. f. mik. Anat 1867. Vol. Ill, 

P- 145. 
Thanhoffer, L., Beitrage znr FettresorpUon und kistologiscken Stmctor der 

Diinndarmzotten. Pfliiger's Arck. f. d. ges. Pkysiol. 1874. Vol. VIII, pp. 

391^443. 
▼. Thanhoffer, L., Ein neuer Kervenapparat Im Diinndann. Centralbl. f. d. med. 

Wise. 1883, p. 33. 
▼. Thanbolfory L., Antwort auf Herm Prof. Klein'g * Der neue Kervenapparat etc.,* 

betitelte Bemerkungen. Centralbl. f. d. med. Wiss. 1883, p. 176. 
Valatoor, M. M., Reckerckes sur les glandes gastriquei et sur lee tuniquee mnsonlairet 

du tube digestif dans les poissons et les Batraciens. Annales des Sci.'nat. 4tk 

Series, Vol. XVI. Zool. i86r, pp. 219-285. 
'Watney, H., Tke minute anatomy of tbe alimentary canal. Pkil. Trans. 1877. 

Vol. CLXVI. Ft. II, p. 451. 
'Wiegandt, Untersuckungen Uber das Diinndarmepitkel. Dissert. Dorpat» 1 86a 
V. 'Wittich, Beitriige zur Frage iiber Fettresorption. Virckow's Arck. 1857. Vol. 

XI, p. 37. 



THE LIVER, GALL-BLADDER, AND PANCREAS. 

BarftLrth, D., Vergleickend-kistockemiscke Untersuckungen Uber das Glycogen. 

Arck. f. mik. Anat. 1885. Vol. XXV, p. 369. 
Brots, J., and "Wagenmann, C. A., De ampkibiorum kepate et glandularum dacta 

excretio carentium strnotura deque earundem functionibus ezperimenta. 

Berolini, 1841. 
V. Brunn, A., Flimmerepitkel in den Gallengangen des Frosckes. Zool. Anxeiger. 

1883. No. 148, p. 483. 
Bberth, C J., Die Pigmentleber der Froscke und die Melanamie. Virckow*s Ansk, 

1867. Vol. XL, p. 305. 
Bberth, C. J., Zur Kenntniss der Verbreitung glatter Mn^keln. Zeitsckr. f. wiss. 

Zool. 1863. Vol. XII, p. 360. 
Eberth, O. J., Ueber den feineren Bau der Leber. Centralbl. f. d. med. Wiss. 

1866, p. 897. 
Eberth, C. J.; Untersuckungen uber die Leber der Wirbeltkiere. Arck. f. mik. 

Anat. 1867. Vol. Ill, p. 423. 
Bberth, C. J., Untersuckungen Uber die normale und patkologiscke Leber. Vir- 
ckow's Arck. 1867. Vol. XXXIX, p. 70. 



LITERATUEE. 273 

Xberth, O. J., Ueber die Pigmentleber der Frbsohe. Yirobow^s Arch. i86a. Vol. 

XXIX, p. 70. 
Oerlach, L., Ueber die Nerven der GrallenblMe. Centralbl. f. d. med. Wiss. 1873, 

p. 562. 
Hering, E., Ueber den Ban der Wirbeltbierleber. Wiener Acad. Sitzungsb. 1886. 

Vol. LIV, Pt. I, p. 335. 
Hering, E., Ueber den Baa der Wirbeltbierleber. Arcb. f. mik. Anat. 1867. Vol. 

Ill, p. 88. 
Hering, E., On tbe liyer. Strieker b Gewebelebre. 1873, p. 439. 
Hoflhiaim, O. K., Bronn's Klassen and Ordnnngen des IliierreicliB. Leipzig and 

Heidelberg, 1873-1878. Vol. VI, p. 424. 
Jones, O. H., On tbe stracture and devdopment of tbe liver. Phil. Trann. 1849. 

Pt. I, p. 133. 

Ijangley, J. N., On yariations in tbe amount and distribation of fat in the liver-cells 

of the frog. Proo. Roy. Soc 1886. Vol. XXXIX, p. 334. 
Iteydig, F., Lehrbuch der Histologie. 1857. 
Iiejdig, F., Die Leber der Fische and Batrachier. 
Nuasbaum, M., Ueber den Baa and die Thatigkeit der Drflsen (Pancreas). Arch. 

f. mik. Anat. 1877. Vol- XIII, p. 753. 
Popoff, M., The nerves of the gall-bladder (in Russian). Radneff*8 Joum. f. 

normal, u. pathol. HistoL, etc. 1873. 
Bemak, H., Ueber runde Blutgerinnsel and Uber pigmenthaltige Zellen. Arch. f. 

Anat. u. Physiol. 1853, p. 115. 
'Weber, E. H., Ueber die periodische Farbeniinderang welche die Leber der Htthner 

and FroBche erleidet. Bericht von Verhandl. K. Sach Gesell. Leipzig, 

1850, p. 15. 
Zeller, A., Die Abscheidang des indig.-schwefelsaaren Natrons in den Driisen 

(Pancreas). Virchow's Arch. 1878. Vol. LXXHI, p. 357. 



THE SPLEEN. 

Billroth, T., Beitr&ge zur vergleicbenden Anatomic der Milz. Arch. f. Anat. a. 

Physiol. 1857, p. 88. 
Billroth, T., Beitrage zur vergleicbenden Anatomic der Milz. Vircbow's Arch. 

1861, VoL XX, p. 410, and 1861, Vol. XXIII, p. 457-, also Zeitschr. f. wiss. 

Zool. 1863, Vol. XI, p. 335. 
Eoker, BlatgefassdrUsen, in Wagner's Handworterbuch der Physiologic. 1849. 

Vol. IV. 
Gray, H., On the stracture and use of the spleen. London, 1854. 
Hoflhiann, O. K., Bronn's Thierbucb. Leipzig and Heidelberg, 1 873-1878. Vol. 

VI, p. 509. 
V. Kdlliker, A., Ueber den Baa and die Verricbtungen der Milz. Mittheil. d. natarf. 

Gesell. in Zurich, 1847. Vol. I, p. 130. 
Kusnesoff, F., Ueber blutkorperchenhaltige Zellen der Milz. Wiener Sitzungsber. 

1873. Vol. LXVII, Pt. III. pp. 58-67. 
Muller, 'W., Ueber den feineren Bau der Milz. Leipzig und Heidelberg, 1865. 
Bemak, B., Ueber runde Blntgerinnsel and ttber pigmenthaltige Zellen. Ajrch. f. 

Anat. a. Physiol. 1853, p. 115. 
Schweigger-Seidel, F., Untersucbungen iiber die Milz. Vircbow's Arch. 1 86 a. 

Vol. XXIII, p. 536. 
Btieda, L., Zur Histologic der Milz. Dorpat, 1863. 



274 THE ALIMENTARY TRACT, ETC. 



THE PERITONEUM. 

AUtmann, B., Ueber die Yeranderungen des seropen Epithels am blosgelegiflii 

Froschmesenterium. Arch. f. mik. Anat. 1878. Vol. XVI, p. iii. 
Arnold, J., Ueber die Durchtrittsstellen der Wanderzellen durcb entzundete leroee 

Haute. Virchow*8 Arch. 1878. Vol. LXXIV, p. 245. 
Batelli, A., Dello addaltamento di alcune cellule endotiali nelle membrane SAroae. 

Lo Sperimentale. 1884, p. 132. 
Gyon, Ueber die Xerven des Peritoneum. Bericht iiber d. Verhandl. d. Kob. Sach. 

Gesell. d. Wise. z. Leipzig, 1868. Vol. XX, p. 119. Leipzig, 1869. 
Orunau, H., Ueber das Flimmerepithel auf dem Bauchfell des weiblichen Froichei 

mid iiber den Eileiterbau desaelben. Dissert. Konigsberg, 1875. 
Ho£buann, G. K., Bronn's Rlassen und Ordnungen des Thierreiohs. Iieipzig and 

Heidelberg, 1873-1878. Vol. VL 
HofiEknann, T., Die Lungen-Ljmphgefasse der Kana temporaria. Dissert. Dorpat, 

'875. 
Kapff, Unteruuchungen iiber das Ovarium und dessen Beziehungen zum Peritoneum. 

Arch. f. Anat. u. Physiol. 1872, p. 553. 

Klein, £., On Remak's ciliated vesicles and corneous filaments of the peritonemn of 

the frog. Quart. Joum. Mic. Sci. New Series, 1872. Vol. XII, p. 43, 
Klein, E., On the peripheral distribution of non-medullated nerve-fibres (nerves of 

the peritoneum). Quart. Joum. Micros. Sci. 1872. Vol. XII, p. 32. 
Ley dig, Lehrbuch der Histologie. 1857, p. 325. 
Mayer, Ueber die Flimmerbewegnng. Froriep's Notizen, 1836. Vol. XL VII, 

p. 179. 
Neumann, "E., Die Beziehungen des Flimmerepithels der Bauchhohle sum Eileiter- 

epithel beim Frosch. Arch. f. mik. Anat. 1875. Vol. XI, pp. 354-377. 
Nioolsky, P., Ueber das Flimmerepithel beim Frosche. Centralbl. f. d. med. Wis*. 

1880, p. 641. 
Paladino, O., Deir endotelio vibratile nei Mammiferi ed in generale di alcuni dati 

suUa fisiologia delle formazioni endoteliche. Estr. dal Giomale intern, delle 

Scienze Mediche. 1882. Vol. IV. 
Sohweigger-Seidel and Dogiel, Ueber die Peritonealhohle der Frosche. Arbeiten 

aus d. physiul. Anstalt zu Leipzig. 1866, p. 68. 
Solger, B., Ueber einige Entwicklungsstadien des Peritonealepithels der Amphibien- 

larven. Manusc. d. Naturf. Versamml. zu Freiburg. 1884. 
Thiry, Ueber das Vorkomiiien eines Flimmerepitheliums auf dem Bauchfell dei 

weiblichen Frosches. Grottinger Nachrichten. 1862, pp. 171-174. 
Toumeux, Recherches sur T^pithelium des sereuses. Joum. de Tanat. et de la 

physiol. 1874. 
TValdeyer, Eierstock und Ei. Leipzig, 1870, pp. 72 and 122. 
Wolff, W., Ueber freie sensible Nervenendigungen. Arch. f. mik. Anat. 1882. Vol. 

XX, pp. 377-381. 



THE ALIMENTARY TRACT, ETC. 



I. THE ALIMENTARY TRACT. 

The alimentary tract consists of the mouth or pharyngo-oral 
cavity^ the oesophagus^ the stomachy the small intestine and the 
large intestine ; these together forming a tube extending from the 
mouth to the cloaca. From the commencement of the oesophagus, 
at the entrance to the larynx, to the end of the cloaca,. the length 
of the tube is about 3 1 '5 cm., that of the various parts being : 

From glottis to pylorus 5*5 cm. 

From pylorus to large intestine 22*0 cm. 

Large intestine to end of cloaca 4*0 cm. 

Total length 31*5 cm. 



A. The Mouth. 

The mucous membrane covering the tongue will be described 
with the sense-organs (see organ of taste). 

a. General description. The mouth of R, esculentay as in all 
other amphibia, with the exception of the lowest (Siren, Proteuif, 
etc.), is of considerable width, and extends backwards as far a« 
the middle of the tympanic membrane. The upper margin of the 
mouth possesses a lip or fold of the skin (55^), which projects suffi- 
ciently to prevent the teeth being seen from the front or from the 
sides. This lip-like rim is most prominent in the premaxillary and 
superior maxillary regions, but can be traced along the whole length 
of the upper jaw, and on to the lower jaw, by means of a well- 
marked fold at the angle of the mouth. Beyond this point the lip 
is absent, as the skin is closely attached to the bony mandible. 

On the roof of the mouth the following structures can be made 

T 2 
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out : immediately within the lip is a deep, well-marked groove, the 

outer bouDdary formed by the lip, the inner by a fold of the mucous 

membrane (Fig. 178 f); this fold increases from behind forwards 

as fer as the premaxillary bonee, where it forms two prominenceg 

(F'', J"') with an interval between. These correspond to the 

palatine processes of the premaxillary bones : immediately behind 

them are openings of the ducts of the intermaxillary glands. 

" In the groove so formed are 

^'^- '"^' placed a single row of simple 

F'S F' teeth, which, though subject to 

many variations, are usually 

about fifty in number. 

A little further back and to 
either side of the median line 
is a small group of vomerine 
teeth ( To) ; each group has from 
i' five to ten teeth; external to 
these is on each side ai trans- 
versely-placed oval opening, the 
posterior nares {do). These 
apertures are directed outwards 
and backwards into a shal- 

IV opening 01 inMrmnxillarr gluiia-. , i i i . . i 

y FoM of muooiMunwnbmnB. low groove, bounued anteriorly 

K^'^S^^r™""""'""'"""'"'™"' **y * ^"^^ of mucous mem- 

o Floor of the nibit. branc. 

«' iJit According to Wiedersheim the 

I's Vomer. mucous membrane mimediately 

around the vomerine teeth is 

supplied with taste-bulbs ; the epithelium surrounding these being 

non-ciliated. 

The roof of the mouth underneath the parasphenoid is somewhat 
vaulted and on either side depressed by the eyeballs, which project 
downwards more or less prominently {0, 0). Still further back 
are the openings of the Eustachian tubes (Pig. 178 T), one on 
each side, and almost surrounded by the limbs of the pterygoid 
bones. 

On the floor of the mouth (Fig. 1 79) the tongue (Z, Z^) forms 
the most prominent object ; its shape varying according to tlic state 
of contraction of its muscles. Behind it, in the middle line, is a 
transverse groove (t), corresponding to the posterior border of the 
hyoid bone, and still further back is the opening to the larynx (£), 




THE ALIMENTARY TRACT. 



277 




& lon^hidinal elit about 3 mni. in length. The mucons mem- 
brane to either side of the tongue is only slightly folded, and 
a little in front of the angle of the mouth is depressed into 
an aperture (5), opening into the vocal aac. This opening is sur- 
rounded by small radiating folds of mucoua membrane, and is oval 
in shape. 

Towards the oesophagus the iiiu- j.- ,. 

onus membrane of both the roof 
and the floor of the mouth is throwni 
into numerous longitudinal folds. 

b. The minute Btructore of the 
several parts. 

(1) The muccnu membrane of 
the mouth. At the junction of the 
skin and the mucous membrane 
there is a gradual transition from 
the stratified epithelium of the 
skin to a single layer of oolum- 

nar epitheUum. On the floor th. 0™ of ih. mo« 

of the mouth this condition is A' Mucin. 

reached at the tongue i on the % M^'ibl." '"'"'' 
roof the transition takes place s ^niiisio'oi«i-««(in 
more quickly. The columnar z Tongue. 
epithelium of the mouth (that of 
the tongue is excluded from this 
description) is ciliated ) scattered cells, which arc not ciliated, are 
found here and there irregularly, but are not numerous. The 
cylindrical cells are very 6nely granular in their upper parts, 
clearer in the middle portion, more coarsely and darkly granular in 
their deeper portions; each cell is possessed of a large, well-defined, 
oval nucleus, which contains one or sometimes two nucleoli. The 
non-ciliated cells usually present a sharply differentiated, structure- 
less, hyaline, free border (Schultze). The epithelium ton'ards the 
margin of the mouth, where it is stratified, is also ciliated. 

Goblet-cells occur in every part of the epithelium, whether cili- 
ated or non-ciliated, and their forms vary very greatly. 

[The BUbmaoona layer is a fibrons connective-tissue matrix, 
very rich in nerves and blood-vessels. The capillaries are arranged 
in small, somewhat polygonal meshes (Fig. itfo), and are peculiar, 
with those of the anterior part of the oesophagus, in having small 
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dilatations. This arraD}2rement was first * des<Tibed by Langer^ and 
later by Schobl. The dilatations are plai*ed (juite irregularly on the 
capillaries, sometimes only on one side, sometimes on both sides of 
the vessel ; a slight constriction occurs at the neck of each dilatation, 
where it opens into the capillary^. The nerves of the mncoiu 
membrane underneath the orbits have nerve-cells attached to them 
(Stirling and Macdonald, page 170). The lymphatics are *ery 
numerous, and for the most part follow the course of the blood- j 
vessels to their finest twigs, beyond which they follow an indepen-j 
dent course (Langer).] 

(2) The teeth are wanting in the lower jaw ; on the n>of of the 
mouth they are found in two situations : as a single row in the 
groove within the lip, and a group on each vomer. Each tooth j 
has the form of an elongated cone, which in the case of ifa< 
jaw-teeth is curved, in that of the vomerine teeth straight! The| 
teeth are fixed to the jaw so as to project upwards and slightly in- 
wards^ those at the front of the mouth projecting backwards^ and! 
those on the vomers project backwards. Each tooth has a small|] 
sharp projection, or secondary crown on its outer surface (Fig. i8i),j 
placed near the mucous membrane. The teeth are fixed to 
bones by means of Crusta petrosa, which is again united to the bone 
of the mandible by a matrix of spongy bone, continuous for the! 
several teeth. Between the tooth and the mucous membrane is ft I 
layer of flattened epithelium (//), which extends more deeply on the 
inner side of the tooth than on the outer ; the layer is continuous 
with the epithelium of the mouth, and is two to three cells in 
thickness. Each tooth has fine longitudinal grooves on the basal 
part of its outer surface, and consists of two pai-ts, a crown and 
a root. The teeth possess large cavities, the wall being thin and 
almost of even thickness, except on the inner surface of the basal 
portion of the root, where the wall is wanting, and so forms a 
large aperture to the root. 

The general skeleton of the tooth is formeil of dentine, this is 
covered on the crown by a layer of enamel, and the Cuticui/i denfit 
on the socket by a layer of Crvsta pefrosa, 

^ Beale, Phil. Traop., 1863, p. 153, shows dilatations in Ium drawing, but makes no 
reference to thorn in the text. 

' The vascular supply of the mucous membrane of the dorsal surface of the mouth 
and oesophagus is shown (after Schobl) in Plate II, Fig. 180, I. Arteries red, Yeini 
blue. II. in the same figure represents the dilatations on the capillaries; after 
Schobl. 
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. The dentine is a hom(^eneouB substaQce pierc'ed by 



numerous 



parallel 




tubules (J)), which arise at the pulp-cavity and c 

direction to the surface of the 

dentine, where they form a 

ricli network with irregular, 

int^rglomemlar spaces. The 

inner eur&cc of the dentine 

is rough, through the presence 

of numerooB small, dark 

tubercles. 

^. The enamel covers the 
dentine on the apical portion 
of the tooth. It has tubes 
coursing through it, which are 
continuous with those of the 
dentine, and presents also 
circumferential striations(Fig. 
i8i III). 

y. The tooth cuticle (Cttd- 
eula dentil) is colourless and 
covers the enamel. It is 
highly refractive, very trans- 
parent, and very resistant to 
chemical reagents. From the 
apex, towards the Crusia 
pttroia, it thins very rapidly, 
but is continued sufficiently 
far to cover a portion of the 
Crutta pelrota. 

i. The Cmtia pelrota resembles bone, except that tt contains no 
Haversian canals ; it possesses cells which resemble bone corpuscles, 
and are usually somewhat rounded or oval and communicate with 
each other by their processes ; for the most part it is homogeneous 
and free from cells (Hertwig). 

«. The pulp-cavit; ctmtains a connective-tissue very rich in 
cellular elements ; those cells adjacent to the dentine are arranged 
in a layer {Membrana el/orit) which has somewhat the appearance of 
a layer of epithelium. The cells (odontoblasts) of this layer are 
spindle-shaped, and send processes (dentinal fibres) into the dentinal 
tubules. A small blood-vessel can be traced into each cavity, but 
as yet no nerve has been found in the pulp-cavities. 
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[Smitli (/. c) has, after careful investigation, come to the 
conclusion that the teeth of E. esculenta and R, temporaria are 
practically alike, therefore the methods of differentiating the two 
species by means of the teeth, as given by Leydig, are not to be 
relied on.] 

(3) The intermaxillary glands (Glandula intermaxiUaris) consist 
of a mass of convoluted tubes, lying chiefly between the pre- 
maxillary bones and the capsule of the nose, and opening by about 
twenty to twenty-five ducts at the fore-part of the mouth (Fig. 
178 ID), A portion of the glands extends high into the nasal 
cavity (Bom), while dorsally another portion lies under the skin 
and the M, dilatator and M, lateralis narium, which together act as 
compressors to the subjacent glands : a small, elastic, cartilaginous 
rod, placed between the anterior margin of the nasal capsule and 
the under surface of the ascending limb of the premaxilla, opposes 
these muscles on either side by its spring-like action (Wiedersheim). 

In a fresh skull the openings of the ducts can easily be seen 
after washing away the mucous secretion ; they are, however, seen 
to better advantage by treatment with Miiller^s fluid and subsequent 
staining with carmine. With suflBcient magnifying power, they 
are then seen as a row of bright dots. The tubules are of uniform 
thickness, placed closely side by side, and surrounded by a nervous 
plexus, which contains numerous branching nerve-cells. The epi- 
thelium of the tubules is cylindrical, with a rounded, finely granular 
nucleus; processes from the peripheral ends of the cells are con- 
tinued to a Membrafia propria. The ducts are lined with coliminar, 
ciliated epithelium. 

The secretion of the glands is remarkably adhesive, and is wiped 
off by the tongue when it is projected ; by this means the tongue 
becomes'* a particularly eflBcacious instrument for capturing prey. 
The glands are, both histologically and chemically, pure mucous 
glands. In urodeles the homologous glands are placed in the hollow 
septum of the nose, between the nasal cavities. 

(4) The tongue (Figs. 179, 182, 183) is a broad, fleshy flap on 
the floor of the mouth, to which it is attached by the anterior half 
of its ventral surface as far forwards as the chin. Seen from above 
it has a wedge-like form, being narrow in front and wider behind, 
where it is prolonged at each angle to form two comua. 

By raising the tongue one obtains a view of a portion of the 
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Fig. 18 J. 



M, hyogloMus. The two MM. hi/og!o»»i arise (see page 66) some 
distance apart, and run forwards and towards each other to meet 
on the ventral surface of the hyoid bone ; they now assume a lon- 
gitudinal direction, and course forwards parallel to each other until 
they reach the M. genio-glog»ug (Fig. 182 G). Each muscle now 
divides to form coarse bundles, which ascend on either side of the 
3/. ffgHio-ff/otms towards the dor- 
sum of the tongue. In this course 
they are encircled by a strong, 
elastic, connective- tissue sheath. 
The sheath is incomplete at the 
hinder end of the J/, geuio-glomim, 
where it possesses rounded aper- 
tures, through which the glosso- 
pharyngeal nerves {N, N) disap- 
pear, to be distributed, after a 
sharp curve backwards, in the 
substance of the organ. 

The M. genlo-glottus arises, in 
two parts on cither side, at the 
side of the chin. One part (Fig. 
182 G) is dorsal and median, the 
other (Fig. i8a (?') ventral and 
external. 

The first part, with its fellow 
of the opposite side, forms an 
arched commiseure in the form of 
muscular rings, which decrease in 
size from before backwards, and so form a pear-shaped mass : the 
second, external portion, extends backwards, with a slight obliquity, 
as a thin, fan-like expansion, to the mucous membrane, where it is 
inserted. This arrangement can easily be seen after dissecting 
away the sheath (Fig. 183/^); the huidermost fibres curve sharply 
into the tongue (/^') ; the anterior fibres pass obliquely forwards 
and blend with the straight fibres of the dorsal portion of the 
3f. genio-glosma (Fig. 183 Gg). The arcuate fibres of the M. geiiio- 
glottut pass, for the most part, upwards and outwards to the tips of 
the posterior bi6d border of the tongue ; in this course they lie as 
a rule above the M. iyoglo«»Mi, but here and there the two muscles 
intermix (Fig. 183 Gg^), and it is by no means easy to separate.* 
them. 
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The M. iyogltmus in the retractor 
of the tongue, the 3/. ffenw-ffloxtn* 
the protractor. 

(For mucous membrane of the 
tongue, eee oi^rt "f taste. The 
vocal eacB are described with the 
r>rgans of voice and respiration.) 

B. The Oeaopliagus and Btomaoh 
(Figs. 184, j(i«5, 189, 194. J95. 
199). 

a. General description. The 
oesophagus is not separated from the 
phaiyngo-oral cavity by a sharp line 
of demarcation. It has a length of 
only a few mm. in medium-sized 
frogs (Fig. 184 Ot), and lies in the 
middle line of the body, sufported 
L either side by the comua of the 
hyoid bone. The oesophague lies on 
i smooth externally, and is thron-n 
into well-marked longitudinal folds internally. 

The transititm from oesopha^^ to stomach is somewhat indefi- 
nitely marked by a slight dilatation of the tube, often scarcely per- 
ceptible, still it can always be recognized by an abrupt curvature to 
the left (Fig. 184 M), which becomes more prominent when the 
stomach is distended. Externally the stomach is seen as an elon- 
gated, slightly curved cone, smooth externally and of equal diameter 
throughout. 

The oesophagus and stomach are held in position by folds of 
peritoneum (mesentery), which attaches them to the dorsal wall of 
the abdominal cavity, to the lungs, pericardium, and liver; and by 
the blood-vessels. 

b. Minute structore. The walls of these viscera are composed 
of four layers or coats. 

(i) The seroos coat (Fig. 186) is a layer of endothelium, lying 
on a very thin stratum of connective-tissue; the whole derived 
from the peritoneum, which encloses the organs. 

(2) The muscular coat (Fig. 186 LM and TM) is arranged in 
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two layers, one (LM) longitii- F 

Amal, the other (7^/) trans- 
verse. The longitudinal layer 
is thicker in the oesophagus, 
and thins as it is continued to 
the pyloric end of the stomach. 
The oireular layer, ontheotlier 
hand, gains in thickness ; Loth 
layers are of unstriated mus- 
eular fibre. 

(5) The BubmucouB ooat 
(Fig. 1K6 A, li, and SM) is 
better developed in the stomach | 
than in any other part of the 
alimentary canal. It is formed 
of a wide-meshed, hiose con- 
nective-tissue, which supiiortH 
numerous blood-vessels and 
lymphatics. Towards the 
mucous coat it possesses a 
well-differentiated Hiitcu/aru 
mncota, which is arranged in 
two layers, a longitudinal [}i) 
and a transverse (A). 

(4) The msooiuooat is pos- 
sessed of numerous tubular 
glands, which vary in structure 
according to the part of the 
membrane examined. They 
have been the subject of much 
investigation ( Heidenhain, 
Nussbaum, Partsch, Langley, 
and others), and are best de- 
scribed in three groui)s : those 
of the oesophagus, of the first 
part of the stomach, and of 
the pyloric end of the stomach respectively; between each pair of 
grou|)S arc transitional formK. 

a. [The oesophageal glands ai-e complete tubular glands lined 
by a single layer of epithelium, which very closely resemble the 
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j9. [Tlie glandB of the fundus of the stomach ' are not so complex 
as the typical glands of the oesophagus The cells at the mouth 
of the gland are continued 
into fine processes (Fig, 187), 
and their outer parts contain 
mucigen. The cells o£ the 
neck of the gland are more 
cubical, and towards the 
lower part of the neck are 
mucous cells. The cells of 
the body of tlie gland are of 
irregular shape, and so placed 
that the nucleus of one cell 
faces" the junction of two 
cells on the opposite side 
(Langley). These cells are 
very finely granular.] 

y. [The glands of the py- 
loric end of the stomach have 
been compared with the 
mouths and necks of the 
glands of the fundus (Partscb, 
Langley). The cells are of 
two kii^s only {Fig. 1S8). 
The cylindrical cells of the 
surface of the stomach are 
continued into the gland^ 
where they become shorter ;^ ^'tudi^iTujno"^^^^^™'^^- 
and sub-cubical; these form *« Langimdin.] mii^iiiai «Bt. 
the greater part of the sn SHbm neon, oat, 
gland. The celk at the '"" ''"""™ "'""™'" '™'- 
deepest portion of the gland are more rounded, and resemble the 
mucous cells in the neck of the glands of the funilus.] 

S. [Between these well-marked groups of glands are various 
transitional forms. The transition from oesophageal to gastric 
glands is not a continuous one, as glands resembling those of the 
stomach can be found nearer the oesophagus than other glands, which 

' A trMureree •eaUun through th« inucoun inembr»ne of the fnndut of the ■tamsch 
of Sana ttailanta la ahown in Piste II, Fig. 1S7. Alcuhi'l prepanttioD, duulil; 
aUlned with carmioe and aailiu blue. After BiedenniuiD. ;Obj. 11, Syet. 7, 
Hartnaek.) 
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more nearly resemble oesophageal glands. At the same point tlie 
raucous membrane is thinner than either in front or behind. In 
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the same way an intermediiite zone 
l>etweeii the typical glanda of the fui 
and pylonis of the stomach.] 

In Ijoth oesophagus and stomach 
mucous membrane is thrown into longi- 
tudinal folds when the organs are empty. 
The epitheliimi of the surface of the 
oesophagus is mostly ciliated, and possesses 
numerous goblet cells ; according to Kleiu 
the cells are not set vertically on the 
jacent Bubinucosa, but obliquely. 

[The epithelium of the surface of 
stomai-h is, at least in part, ciliated (! 
geczy, Trinkler, and others), and has nu- 
liyinrio >n<i of iii> .b.niMh nicroHS goblet-cells (Schultze, Heidenhain, 
tl ^"'' „T'7;°- *"°' Bleyer, Eimer, OeilraonBon, and others).! 
"*""~^' {5) [The nervea of these organs, aci 

ing to Gonjaew, contain both medullatttl and non-medullated fibl 
which have nerve-cells attached to them. From these fine branohe* 
pass, either with the blood-\es8els or alone, t« the mucuns eoat, 
losing their medulla on the way. In this course they inosi'ulBtfl 
very freely, and are then distributed as very tine, beaded fibrils 
the glands and epithelium, which are very richly supplied.] 

(6) [The blood-veasels and lymphatics very closely resemble 
(^rresponding structures in the small intestine (p. 390) ; the bh 
vessels form a rich anastomosis in the submucous membrane 
lymphatics are arranged in two systems, one under the serous 
and a larger system in the mucous and submucous coats. 
iifHopha^is lies free in a pcri-oewiphageal lympli-sac (llobineon). 
('. The Small Intestine. 

a. General description. The small intestine commences bel 
the middle of the abdinncn at the pyloric end of the stomach 
which it is marked off by a slight constriction. The first port! 
of tlie small intestine is the duodenum (I'igs. 1H4 and 194 Du) ; hy 
means of an abrupt turn it winds directly forwards, parallel' to the 
long asis of the stomacb ; the pancreas is placed 
formed. 

The whole of this [toi-liim of the intestine, logs 
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greater part of the stomach, is, in the normal condition, under cover 
of the liver (Figs. 1 85, 1 94) : while under the liver the intestine 
is firmly attached to the deep surface of that organ by a short 
but strong Ligamentum hepato-duodenale ; it then turns suddenly 
backwards, increases in size, and by means of numerous convo- 
lutions occupies a considerable portion of the right half of the 
abdomen (Fig. 1 84 B), It is held in position by a well-developed 
mesentery. 

b. Minute structure. Like other portions of the alimentary 
canal, the small intestine is formed of four layers : — 

( 1 ) The serous coat presents no peculiarities ; it consists simply 
of a layer of endothelial cells, with a small amount of sub-endothe- 
lial connective-tissue. 

(2) The muscular coat is in two layers, the outer longitudinal 
layer being very thin, the inner circular layer thick. 

(3) The submucous layer resembles that of the stomach, but is 
not so thick ; the muscufaris mucosae is well developed and arranged, 
as in the stomach, in two layers. 

(4) The mucous coat (Fig. 189) is thrown into folds, which differ 
in various parts of the tube. 

The longitudinal folds of the stomach are compressed together 
towards the pyloric end of the stomach {a) and diminish in size; at 
the commencement of the duodenum they end abruptly (a^), but 
without any indication of a valvular arrangement. 

Immediately beyond the pylorus the mucous membrane is folded 
so as to form an irregular network of folds which inclose irregular 
alveoli; the folds are thicker on the concave surface of the duo- 
denum, and form a longitudinal ridge [b); in this ridge the 
alveolar spaces are much smaller than those to either side. The 
irregular folding extends through two to three cm., when a more 
regular arrangement commences in the form of two adjacent series 
of transverse folds {c, c^). Each fold is semi-lunar in shape, with 
the convexity attached to the wall of the tube and directed forwards, 
while the concave free border and pocket-like space enclosed are 
directed backwards. 

The arrangement of these folds reminds one of the semi-lunar 
valves of the human heart, and probably one of their functions is 
to prevent the regurgitation of the chyme (Wiedersheim). 

The correspondmg valves of opposite sides meet at each end at 
an angle, the apex of which is directed away from the stomach. On 
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these folds and between tliem are small) 
8e<;ondaiy folds, partly irregularly ai 
partly longitudinal ((/ */). 

Towards the middle of the small i 
this valvular arrangement is lost, to be repla 
by an irregular net-like folding; beyond t 
longitudinal folds arise, which proceed in I 
Kiunous course towai-ds the large intestine. 

The whole mucous membrane, both on i 
folds and otherwiise, is covered with a simgl 
layer of columnar epithelium, which is < 
tinned into numerous simple follicles (gla 
of Lieberkiihn) found throughout the muca 
membrane of the small intestine. The i 
' are placed on a basement membrane, 
rests on a thin layer of loose conuective-tiai 
n Mnonu memtaiino nf intervening between tbe epithelial coat : 
„i commwionuBnt i.f the miifculafig mtieoaae. The epithelial ■ 
I UiwdeuH"""" iBiiw.iii- ^"^ intermixed with a large number of gob! 
oHmbmneMiranpiii pells, and have between them fine pro 
wort from the conn active- tissue corpuscles of I 

ci } ^miiniMmcmbrlue,'' subjacent layer ; many of these procea 
d UuiKiKidiiiai fold, of est#nd to or even beyond the free margin I 
hranci the epithelial cells. 

The individual cells are coliminar, poss 
of a well-marked t'ell-wall, and liave distinct, lai'gc, oval niu 
containing one or more nucleoli. The protoplasmic contents btc 
granular, and with proper treatment show a very distinct intra- 
cellular network. The free margins of the cells are sharply marked 
off frcni the cell-contents, and are more firmly attached to the c 
responding portions of adjacent cells than the rest of the cell-i 
This margin has a longitudinal etriation, which owing to the S 
portant function performed by this part of the intestine, 
absorption of the fat, bus been the subject of many import 
investigations. 

[In the fflllowiDg brief eamtuiu^ of the eulirr re^enrcheE on the mil 
of the inteslina! epitheliam, in whieh the intestine of the frog wh chieflj m 
memoirs IQ which these invcstigBlioiui nre recnnlcd are ref<rriv<3 tn ii 



i8j:. Kiilliker %nA Fiinke, xtWt ind^prndent renesn^, detmibeil tiie InngttiM 
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striation : Fanke offered no explanation of the fact, while Kolliker considered it due to 
the presence of fine tubules. Later Funke gave a modified support to Kolliker's view 
by admitting the presence of tubules around the circumferential part of the border. 

1856. Bonders gave a description corresponding with that of Henle. 

1857. Brettauer and Steinach gave it as the result of their investigations that the 
border was composed of closely -applied fine rods : v. Wittich first showed that the 
borders of adjacent cells were more firmly attached than the rest of the cell ; he 
admitted the presence of apertures, but considered the whole appearance to be due 
to post-mortem changes. 

Welcker and fViedreich agreed with the views of Brettauer and Steincch, but 
traced the striation throughout the length of the cells, in fact traced the tubules to 
the connective-tissue below. 

1858. In this year Heidenhain published his results ; he held the striation to be 
due to the presence of fine rods, and was the first to show that processes of the con- 
nective-tissue corpuscles passed up between the epithelial cells ; he found fat globules 
in the epithelial cells, in the connective-tissue, and in the lacteals. 

Friedreich described the striation as continued through the whole length of the 
cells, and as due to tubules. 

1859. Lambl denied the presence of the rods, and considered the whole phenomenon 
an optical appearance due to the cell-wall ; in this view he was supported by Vlako- 
vich of Padua and Amici of Florence. 

i860. Wiegandt held the border to be an independent covering, and the striation 
to be due to folding or wrinkling. 

Col. Balogh described the border as formed of rods, but denied that these existed 
except when brought about by the action of fats ; in support of this view he showed 
that the striation was wanting when fat was absent. 

1865. Lipsky held the border to be composed of rods. 

1866. Henle described the cells as in his former work, but now held the border 
to be composed of rods, in fact to represent a ciliated border. 

1867. Erdmann described the border as being of two layers, an upper, thicker 
layer, with both longitudinal and transverse striation, and a lower, thinner layer, 
the true cell-waU. The upper layer he described as capable of splitting in the di- 
rections of both striations. 

Schultze described the border as not being in intimate connection with the proto- 
plasm of the cell. Amstein and Wiegandt supported Heidenhain's description. 

1868. Albini e Renzoni described the part as resembling resting cilia. 

1 869. Eimer traced fat-globules into all the parts, epithelium, connective* tissue, and 
vessels ; and held that the fat could pass from a lacteal to a branch of the Vena porta. 

1870. Heidenhain, after further investigation, supported his earlier views. 

1874. Thanhoffer described the membrane as perforated, and the protoplasm of the 
cells as actively sending protoplasmic processes through these apertures ; this he had 
seen in frogs in which all connection with the spinal nerves had been severed. 

1875. Benjamins could not find the striation to be a constant occurrence, and failed 
to find the processes described by Thanhoffer. 

1876. Krause found rod-like bodies round the margin of the border. 

1877. Fortunatow supported Thanoffer's view. 

188 1. Landois observed appearances in Spelerpes fuscus, which led him to sup- 
port Thanoffer's views. 

1883. Wiedersheim supported Thanhoffer's views. 

1884. Wiemer supported Thanhoffer 's observations. 

1888. Paneth failed to find any contractile protoplasmic processes, and asserts that 
the circumference of the border, when examined under certain conditions, is com- 
posed of rods. 

From the same causes the goblet- or chalice-cells, already mentioned, have been 
the subject of much speculation and investigation. 

1846. Frerichs drew and described these cells as empty cells. 
In 1848 these cells were first described as epithelium capitatum by Gruby and 
Delafond. 

U 
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In 1856 Dondera described the cells as being open, and as discharging their contents 
into the canal ; the cell- walls being then pressed together by the neighbouring cells, 
and the cell-contents being then gradually reformed. 

In the same year Kolliker published results closely agreeing with those of Donders, 
and he traced the various stages of the process. 

1857. Brettauer and Steinach held them to be cells which had lost their contents, 
and as the ' cuticular border ' was absent, concluded that the cell- contents were in 
closer connection with the ' border ' than with the rest of the cell- wall. 

1865. Lipsky and Sachs both doubted the presence of such cells, and considered 
them due to the akction of reagents or post-mortem change. 

1866. Letzerich described the cells as open, and regarded them as the commencement 
of the lacteal system, while Donitz thought the whole appearance due to reagents. 

1867. Schultze and Elmer, independently, described them as unicellular glands. 
Erdmann, however, again denied their occurrence under normal conditions. 

Oeffinger held the goblet-cells to be modified ordinary cylindrical epithelinm cells ; 
in which view he was supported by Arnstein. 

1868. Schultze and Eimer, after renewed investigations, reiterated their former 
opinions. 

1869. Eimer described the goblet-cells as secreting mucin, and as capable, by 
division, of throwing out pus-like cells. 

1876. Krause described the cells as containing g^ranular contents, which under 
certain conditions are thrown out. 

1877. ToUdt considered them artificial productions. Edinger asserted that they are 
formed from the cylindrical cells. 

1877-1885. Partsch (1877), Klein and Heboid (1879), Stiihr (1880). Patzelt (1882), 
Haller (1883), HoU (1885), support the last view. 

1878. Hotfmann supported Schultze*s views. 

1886. List describes these organs as unicellular mucous glands. 

1887. Paneth described them as secreting mucous and as being derived from the 
cylindrical cells.] 

(5) [The blood-vessels of the small intestine (p. 234) have been 
described by Langer ; he finds the vessels arranged in networks, 
one a subserous network, placed underneath the serous coat, and 
formed of elongated, irregular, four-cornered meshes. When the 
intestine is distended the meshes are rectangular. 

The vessels to the mucous membrane divide and anastomose very 
freely in the submucous layer, and then form an irregular network 
on the inner surface of the Muscnlaris 7nucosa ; this network follows 
all the foldings of the mucous membrane, and thereby supplies a 
double layer to each villous fold of the mucous membrane. The 
meshes are usually four-sided or five-sided.] 

(6) [The lymphatics of the small intestine (Figs. 190, 191). The 
lymphatic vessels on reaching the intestine usually bifurcate ; the 
two branches, as a rule, follow and enclose an arterial twig. From 
the serous layer they receive the contents of a very fine lymphatic 
plexus, the lumens of which are slightly greater than that of the 
corresjx)nding capillaries ; from the mucous layer they receive the 
contents of the lacteals : between these two layers the lymphatics 
anastomose very freely by means of numerous branches (Langer). 

The lacteals are lined with an epithelioid layer and traversed by 
connective-tissue trabeculae, which have a like covering. The 
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lacteals are not simple but in the form of a coarse network (Pig. 
189), (Langer).] 

(7) [The nervea of the Fig. 190. 

small inteetine (p. 200) usu- 
ally follow the arteries to 
the muscular coats, between 
which they form a plexus 
(Auerbaeh's plexus) ; from 
this numerous twigs are 
given off, which course alone 
or in company witli veBsels 

to the mucous coat, wbere iKilnudtnJdofnincx.iumenibniiieiit aniill lnt«tJnD 
a siumnrl nloTina /'\fiiioaTinr'n "' """^ Irmijorana , after Linger Fatly tllDM 

a secona plexus (Meissner 8 „^i„^„„ Biood..B«u.tnp.>i. taomJuhuied. 
plexufi) is formed. Auerbach's 

plexus, according to Klein, consists of bands of nervous fibrils in 
endothelial sheaths; they branch and inosculate, and thus form a 
plexus. Where several such branches 
meet, a more or less complicated decus- 
sation of the bands of fibres takes place. 
Along these nervous bands are ganglion 
cells, either isolated or in groups. The 
cells are large, generally spherical, and 
contain a sharply outlined nucleus with 
a single or double nucleolus. The 
smaller cells generally appear to possess 
only one process, which can be traced 
from the protoplasm of the cell between 
the fibrils of the nerve-trunk. The 
larger cells are distinctly multipolar, 
their protoplasm being provided with a 
number of line processes, or, as is 
oftener the case, with one large and 
several small processes. In many in- 
stances Klein was able to distinguish 
around the ganglion-cells a capsule of 
a spherical or ovoid shape. In these Ttaom 
cases the body, as well as the processes """" 
of the ganglion -eel I, were lying within m'"' 
the capsule. This system of ganglion- ■* ^'" 
cells is in connection with the individual b cin 
bnndles within the nerve-tnmks. n 
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Klein desoribes a eecond system of ganglion-cells, Eitoatvd | 
meslies, whieh are formed by the nerve-tninks of the plezui' its 
These ganglion -eel la are much larger than the former, and «« 
multi]K)Iar; their protoplasm, whieh is diBttnetly fihrillar, with 
granules between the fibrils, is provided with one or two long, thick 
processes and several short and thin ones; generally the processes 
are branched. The general shape of the cells is oblong, the thick, 
long processes being commonly at the two opposite poles. The 
(.■ells are generally isolated, sometimes situated in the centre of a 



mesh, or more commonly near a 




I'e-tmnk that borders the mesh 
side. Each ganglion -cell 
is connectoil with a nervc-tmnk 
of the plexus by at least one 
process. In a few of the nerve- 
trunks uf the general plexus, iso- 
lated mcdullatcd nerve-fibrils are 
seen t*i pursue an almcmt straight 
course from one trunk into 
another and divide into two. 
There is no connection between 
these niedulliitcd fibres and the 
g«nglion-cells, 

Auerbaoh's plexus in a much 

finer plexus than that just de- 
scriljcd, and the ganglia are much 
smaller. It supplies twigs tu 
the MiinrNfafin iiiurosa; these break 
up into fine fibrils, which follow 
the direction of the muscle-fibres ; 
other twigs supply the bloixl- 
vessels, with which they can be 
traced into the bases of the folds 
of mucous membrane. Thauhoffer 
has recently (/, r.) descrilwtl ner\'e- 
(ibrils, which terminate in the 
mucous epithelium.] 

D. The Large Intestiae (Fig. 

tt. General description. The large intestine is a flusk-shaped 
viseus, lyuig in the median line. The small intestine opens into it 
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Fig. 193. 



by an abrupt curve at its anterior end. The large intestine is the 
widest part of the alimentary canal, is thin- walled, and diminishes 
in width towards its hinder end, where it opens into the cloaca 
above the opening of the bladder. 

b. [Minute structure. 

(1) The serous coat resembles that of the small intestine, etc. 

(2) The muscular coats resemble those of the small intestine, but 
are thinner; the longitudinal layer is, however, proportionally 
thicker (Wiedersheim). 

(3) The submucous coat (Fig. 192) resembles that of the small 
intestine in its general structure ; the portion lying immediately 
beneath the mucous membrane (£) is denser in structure. 

This layer has no Muftcularis mucosa. 

(4) The mucous coat {A) is a simple layer of large, columnar, 
epithelial cells, with large oval nuclei. The cells have a hyaline 
free border, but this possesses no stri- 
ation. The mucous membrane is usually 
described as possessing numerous simple 
follicles (glands of Lieberkiihn) ; in 
those specimens which I have exa- 
mined they have been entirely absent 
(Figs. 192, 193). At six to eight 
points in a transverse section of a 
rectum moderately distended the sub- 
mucous coat is thinner, and so throws the 
mucous coat into slight, longitudinal 
grooves ; but these do not in the least 
resemble the glands of Lieberkiihn. 

(5) The epithelium possesses goblet- 
or chalice-cells (Hoffmann), the number 
of which probably depends upon 
the period of the year and the state 
of digestion. In the rectrmi, from 
which the section for the figures 192 
and 193 were cut, not one goblet-cell 
was found in a complete series of 
sections. 

If the rectum be contracted, the mucous membrane is thrown into 
longitudinal folds. 




Transvene section of large intestine of 
Hana etcuUnta ; the macoofl mem- 
brane Uirown into longitudinal folds 
in oonsequenoe of the organ being 
contracted. Arteries iigected with 
carmine. — G. H. 

A Large circular vessels within the 

muscular coats. 
B Fine anastomosis to the mucous 

coat. 
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(6) The blood-vessels (Fig. 193) have a simple arrangement. 
The arteries are large, and form oblique loops around the intestine^ 
lying under the peritoneum ; from these branches are given off to 
form a series of rings in the submucous membrane (Fig. 193 A) ; 
from these fine twigs are given off to form a fine anastomosis under 
the mucous membrane (B), 

(7) The lymphatics of the large intestine are arranged in two 
chief systems : one under the' serous coat resembles the corresponding 
system of the small intestine. The second set forms a network of 
rounded loops in the submucous coat, which give rise to a secondary 
set of smaller vessels towards the mucous membrane ; this secondary 
system forms a sort of trellis- work standing on the rounded loops, 
and so maps out small blocks of the thick submucous coat. Towards 
the cloaca the arrangement is simpler ; the secondary lymphatics 
are lost, while the primary lymphatics tend to form elongated, 
longitudinal loops (Langer).] 



II. THE GLANDS CONNECTED WITH THE 

INTESTINAL CANAL. 

A. The Liver and Gall-bladder, 
a. External form. 

(1) The liver (Figs. 185, 194) is a large, reddish-brown organ, 
occupying a large part of the anterior abdominal region. It con- 
sists of three or more lobes, which present many individual varia- 
tions ; as a rule there are two larger lateral lobes (2/ and L^), and 
a smaller median lobe (L^^)- Each lobe has a superficial or ventral 
surface, which is convex, and a deep or dorsal surface, which is con- 
cave and directed towards the other abdominal viscera lying above 
the liver. The two surfaces of each lobe meet to form a sharp 
border around the lobe, except where the three lobes are more 
intimately attached, opposite the apex of the heart (Figs. 185, 
194); at this place each lobe possesses a small, flat, or slightly 
concave anterior surface. 

The left lobe (L) hides the greater portion of the stomach, and 
has near its inner border a deep fissure, which runs forwards and 
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SO marks off a more or lees well-marked fourth lobe. The 
anterior portion of the left lohe is attached to the corresponding 
portion of the right lobe by a narrow e 

The median lobe (L^) ex- 
tends backwards as far as the 
pyloruB, and covers the com- 
mencement of the intestine 
together with the pancreas ; 
these organs can, therefore, 
not be seen until this lobe 
is displaced. A fifth lobe is 
sometimes found on the dorsal 
surface of the median lobe, 
and to it or to the dorsal sur- 
face of the median lobe the 
small intestine is attached by 
the Ligatnentam hepaio-duode- 
nale (Fig. 195 Up). The 
T'tna poriamtu enters the liver 
behind this ligament. 

The right lobe extends much 
farther dorsalwards than the 
left lobe, and even comes in 
contact with the lung, the 
vessels of which sometimes indent its surface in spirit specimens. 
This lobe is also in contact with the base of the fat-body, and in 
females with the oviduct. 

By drawing the lobes of the liver to either side and displacing 
the heart towards the head, the posterior caval vein is seen passing 
from the liver to the heart, and the hepatic commissure joining the 
lateral lobes is brought into view. 

(2) The gaU-bladder (Fig. 195 0) is placed on the dorsal sur&ce 
of the liver in the deep niche between the right and left lobes ; it 
is attached to the liver by connective-tissue and peritoneum. 

The gall-bladder is round or oval in form ; when moderately full 
it has a smooth, outer wall, which is thin and allows the green colour 
of the bile to be seen, It possesses a duct (Bey), the cystic duct 
[Buclvi n/»6icitg), which bifurcates near its origin. 

The two cystic ducts (Fig. 195 Dcy) join the larger hepatic 
ducts, as shown in the figure, and so form a simple anas- 
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tomosis, from which three branches (3} of varying size imite at the 
anterior estrcraity of the pancreas to form the common bile-diict 
(Vuctut rioUilociut, l>r). 
'•'■•\ The common bilejuct 

ruue through the whole 
length of the pancreas, 
receiving near its origin 
additional hepatic ducts 
(M'^) from the middle 
lobe of the liver. In 
this course the duct Hes 
either on the ventral 
surface of the pancreas 
nr nnder a thin layer of 
the glandular tissue ; it 
receives the ducts of the 
pancreas and leaves that 
organ at its posterior 
border as a round and 
strong canal (U^^). The 
duct courses in the 
gastro - duodenal liga- 
ment, and readies the 
dorsal surface of the 
duodenum at a very 
acutfi angle ; it then 
pierces the wall ob- 
liquely and t«rminAtg 
with a slit-like or e 
gated oval opening, 
b. [Hinute atnioture. 
( I ) The liver is com- 
posed of \'arious tissues : 
it possesses a peritoneal 

r iw^ covering, a fibrous cover- 

/> rjio™. ing, which supplies tra- 

beculae to support I 

various other tissues, blood-vessels, licpatic cells or true liver j 

chyma, and bile-canals. 

a. The peritoneal oovering of the liver encloses the 1 

almost eomplefely, the only excejitions being where the tu 
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attachments of the liver are found (see peritoneum). The perito- 
neal covering of the liver is for the most part composed of flattened, 
ciliated cells (Neumann and Grunau) ; on the middle lobe these are, 
however, more or less replaced by non-ciliated cells. The thickness 
of these cells varies considerably, according to the amount of dis- 
tension to which the liver is subjected. 

p. The flbrous covering of the liver is very thin and very diffi- 
cult to demonstrate ; it consists of connective-tissue fibres with very 
few corpuscles. This covering is prolonged into the liver along the 
portal canals, where traces of connective-tissue can always be 
made out. 

From these processes and from the whole of the inner surface of 
the general connective-tissue capsule are given off fine trabeculae, 
in which it is very difficult to find any nuclei; these trabeculae 
are everywhere extremely delicate and difficult to demonstrate; 
nowhere do they form distinct boundaries between lobuli : the 
structure closely resembles the sustentacular tissue of a lymphatic 
gland (Eberth). 

y. The blood-vessels to the liver are the portal vessels (p. 
249), the hepatic veins (p. 247), and the hepatic artery^ (p. 

^33)- 

(1) The portal vessels pass into the liver on its ventral surface; 
they divide into branches which course along the middle parts of 
each lobe and give off smaller branches in all directions towards the 
periphery; the interlobular branches (Fig. 196 I) forming a very 
complex capillary network. As compared with the hepatic veins 
(Fig. 196 II), the interlobular veins do not give off their capillaries 
so abruptly, but tend to supply these from small lateral branches. 
The portal veins are accompanied in their course by branches of the 
hepatic artery, and often by larger bile-ducts, and thus form 
portal canals. In no part do the portal (interlobular) veins or their 
branches limit the lobules by distinct rings of vessels, as seen in 
many higher animals. The interlobular v€ins and intralobular veins 
simply interdigitate with each other. 

» See Plate II, Fig. 196. 

I. Partial injection of the liver from the portal vein (blue) : Rana eteuknta. — G. H. 
II. Partial injection of the liver from the hepatic vein (red) : Rana e*culenta.—Q. II. 
III. Complete injection of the liver from the hepatic artery (red) and from tlie portal vein 
(blue) : Rana €»eulmta.—Q. U. 

A Portal (interlobular) veins and Uieir branches. 
B ' Hepatic (intralobular) veins and their branches. 
C Hepatic arteries and their branches. 
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(2) The hepatic veins (Fig. 196 I and II) also course chiefly in 
the middle parts of the lobes of the liver ; they branch, and ulti- 
mately supply intralobular veins which interdigitate with the inter- 
lobular veins (I and II). The capillaries arise very abruptly from 
an intralobular vein, and form a network of vessels communicating 
very freely with the corresponding capillaries of the interlobular 
veins. 

(3) The hepatic arteries (Fig. 196 III) break up into small 
branches which, as a rule, course along the portal canal until near 
the surface of the liver, when they leave the portal veins and pass 
to the surface to supply the coverings of the liver. In their course 
along the portal canals they supply a few very small twigs to 
the structures forming the canals. At the surface of the liver 
the branches of the hepatic artery form capillaries, which empty 
themselves into the general capillary anastomosis beneath (Fig. 
196 III). 

b. The liver-cells (Figs. 197, 198) are large, and of compressixl 
spheroidal or polygonal shape. They possess no cell-wall, have 
usually one but sometimes two large nuclei, each with a distinct 
nucleolus. The cells often contain granules of glycogen or fat- 
globules. The main fibrillae of the intercellular network are 
arranged so as to extend between a bile-capillary and a blood - 
capillary (Fig. 197). 

€. The bile-ducts (Fig. 198) commence as fine tubes between the 
liver-cells, where they are simply small spaces enclosed by the 
hepatic cells; they are usually enclosed by three or four cells, 
possibly sometimes by only two cells (Hering). Such bile-capillaries 
are usually separated from a blood-capillary by the thickness of one 
liver-cell only (Fig. 198). 

As a number of such bile-capillaries run together to form a larger 
duct, the cells enclosing them change Iheir character, becoming 
flattened and broader ; these cells may, however, be traced contin- 
uously into the true hepatic cells (Hering and Eberth). The bile- 
duct so formed then obtains a slight covering of fibrous tissue, 
which rapidly increases in quantity, courses along a portal canal, 
and receives other ducts on the way; the epithelium lining it 
gradually becomes more elongated, and ultimately resembles that 
found in the common bile-duct or the gall-bladder. 

In the larger ducts the epitheliiun is, according to v. Brunn, 
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a layer of unetnated muscle-f!bre 

Fig. 197. 



ciliated ; they also ] 
(Eberth). 

C The pigment of 
the liver varies very 
much in amount and 
character, according 
to the time of the 
year and state of 
health of the animal. 
According to Eberth 
the pigmentary masses 
are of about the same 
size aa the white blood- 
corpuscles, and are pos- 
sessed of the power of 
amoeboid movement 
(in yomig animals). 
The cells possess two 
to seven nuclei and vary much in colour and distribution. As 
a rule the larger the amount of pigment in a given liver the 

FlR. >98. 
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smaller is the number of fat-globules found in the individual 
liver-ceils (Ebertli),] 

(a) [The gaU-bladder and bUe-dueto. The gall-bladder has four 
coverings. 
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the dorsal surface of the organ so exposed. In the second method 
the liver is drawn backwards, the various peritoneal folds which 
connect the duodenum with the posterior border of the liver cut 
through, and the three organs then separated ; the pancreas can 
then be conveniently examined. 

The size and shape of the pancreas are subject to great variations 
in diflferent specimens. The usual shape of the organ is somewhat 
triangular (Fig. 199), the left border being usually unbroken, while 
the other two shorter borders are broken into lobes. The longest 
lobe stretches as far as the pylorus (Py), to which it is attached by 
connective-tissue : the opposite extremity of the gland is attached to 
the liver. 

The excretory duct of the pancreas [Bnctvs Wirsurgianus) opens 
into the common bile-duct at about the middle of the pancreas 
(P^) ; other smaller ducts may open into the same canal. 

b. Minute structure. [The pancreas consists of a number of 
lobes loosely held together by connective-tissue ; each lobe is com- 
posed of a number of lobules attached to each other much more 
intimately. The lobules are made up of tubes lined by a single 
layer of glandular epithelium. This epithelium is, as a rule, broadly 
columnar, but in the smaller tubes may be cubical or polygonal. 
Each cell has a cell-wall, nucleus, and very granular protoplasm ; 
the latter shows two zones (in the inactive condition), a granular 
zone near the lumen, and an outer, clear, and finely striated zone 
(Nussbaum). The lumen of each alveolus is \ery small, and in 
many cases difficult to make out. 

The smallest ducts have no special lining, and are therefore 
bounded by the glandular cells; the larger ducts have a 
flattened, cubical epithelium, which when seen from the sur- 
face has an appearance as if the individual cells were widely 
separated from one another; these ducts have a considerable 
layer of connective-tissue around them. The largest ducts are 
lined with a layer of columnar, ciliated epithelium ; the cilia 
are very long, usually of about the same length as the cell, some- 
times appearing to be even longer. This epithelium is contin- 
uous with the ciliated, epithelial layer of the common bile-duct, 
which it resembles. These largest ducts have an extremely thick 
layer of connective-tissue around them. 

The pancreas and its ducts are very richly supplied with vessels 
and nerves ; the nerves forming everywhere a fine plexus, the larger 
strands of which usually, but not always, course with the larger 
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blood-vessels. The lai-ger duets have an especially rich supply of 
nerves, of which fibrils may be traced towards the ciliated epithe- 
lium j an anatomical connection between the two has not, however, 
been made out.] 



III. THE SPLEEN. 

a. General description. Although the spleen belongs to the 
lymphatic system, it is considered here in order to complete the 
description of the abdominal viscera. It is a small, rounded-oval 
body, of a reddish-brown colour, suspended in the mesentery near 
the anterior end of the large intestine (Fig. 1 84 3/r). In medium- 
sized animals the longer diameter is about 6 mm., and is parallel 
with the long axis of the body; the shorter diameter is about 
5 mm., and the thickness varies from about 3 mm. to 4 mm. 
The dorsal surface is flat or slightly concave {Ifiltis Uenis), and re- 
ceives the relatively large afferent and efferent vessels ; the rest of 
the organ is smooth and rounded, and with its greatest convexity 
directed towards the left side. 

b. [Minute structure. The structure of the spleen resembles 
that of higher animals. It possesses a serous coat of peritoneum, 
under which is a fibrous coat; the latter sends in trabeculae, 
which divide and form a fine meshwork of supporting-tissue ; the 
finest trabeculae are formed by the processes of the connective-cells 
of the sustentaeular structure. According to Hoffmann, the tjiick- 
ness of the fibres averages O'ooi to O'Oii mm.; the intervening 
spaces measure 0002 to 0012 mm. The spaces are filled by the 
spleen pulp, which consists of true spleen-corpuscles, blood-cor- 
puscles, and pigment-corpuscles. 

The spleen-corpuscles have an average diameter of 0'Co6 mm., 
and are round or of a rounded oval form. Each consists of a nucleus, 
with a very small amount of adherent protoplasm ; the nucleus 
possesses one or two nucleoli. Some of these cells contain a 
brownish or black pigment in granules, but most of them are 
colourless (Hoffmann). 

The pigment-cells ec[ual tlie white blood-corpuscles in size, and 
exactly resemble the corresponding pigment-cells of the liver. 

The blood-corpuscles are found in various stages of disintegra- 
tion and roiien oration. 
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The arteries, on entering* the spleen, at once break up into 
branches which pass in all directions, giving o£f twigs on all sides 
and at varying angles ; from these capillaries are supplied, which 
traverse the parenchyma in all directions. The capillaries empty 
themselves partly into veins, partly into the splenic spaces. 

The veins commence either as capillaries in connection with the 
arteries or by communicating with the splenic spaces. This com- 
munication is brought about by small twigs of about 0*015 "^^« 
diameter, which have incomplete walls, and so open into the splenic 
spaces (Hoffmann). 

Malpighian bodies are represented by collections of splenic 
cells on various arterial twigs ; they are, however, not so sharply 
4efined as is the case in some higher animals.] 



IV. THE PERITONEUM. 

a General description. The peritoneum is a thin, pigmented 
membrane lining the abdominal cavity. Tracing it forwards from 
the ventral wall of the abdomen (Peritonevvi pariei^le), it can be fol- 
lowed along the deeper surface of the muscles to the pericardium. 
The middle portion leaves the abdominal wall by accompanying the 
anterior abdominal vein ; the lateral portions are continued further 
forwards, and then ascend on the pericardium and the deeper sur- 
faces of the lateral walls in the thoracic region. 

The peritoneum passes thence to the ventral surface of the liver 
{Liffamentum coranarhwi), covers this surface and passes on to the 
dorsal surface of the organ, which, together with the gall-bladder, it 
completely encloses. The membrane thus reaches the dorsal wall 
(Zi^atnenfum suttpcnsorium hepatia et pericardii) \ from the lateral 
borders of the liver it passes upwards to the dorsal wall, and thus 
forms a pocket-like pleuro-peritoneal cavity on either side. 

From the dorsal wall and above the attachment of the coronary 
ligament of the bladder the peritoneum reaches the root of the 
lung on each side, and completely invests the organ : while in 
the middle line it covers the outer surface of the oesophagus and 
attaches it to the dorsal wall, thus forming the first part of the 
mesentery 
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Just behind the root of the lung, the peritoneum, in female speci- 
mens, has an opening on each side (Ostium ahdominale tubae Falio- 
piae), by which the oviduct communicates with the peritoneal cavity. 

Tracing the peritoneum backwards, it passes over the ventral sur- 
face of the kidneys so as to exclude them from the peritoneal sac : 
in the middle line, between the kidneys, the peritoneum descends to 
form the mesentery for the small intestine. At the inner borders 
of the kidneys, the testes or ovaries are pushed into the abdominal 
sac, and so possess well-marked mesenteries ; the mesovarium be- 
comes longer towards the cloaca, but attains its greatest develop- 
ment in the breeding season^ when it is arranged in numerous folds. 
Along the outer borders of the kidneys, in females, the peritoneum 
again descends into the abdominal cavities to enclose the oviducts, 
which have broad mesenteries. Towards the rectum these mesen- 
teries are shorter and attached to either side of the bladder by a 
well-marked free border : as the middle line of the bladder is 
attached by the peritoneum to the rectum, two distinct pouches 
(Cava recfO'Vesicalia) are formed, which descend deeply into the 
pelvic cavity. The upper walls of these pouches are pushed in be- 
tween the urostyle and the rectum, and together form a strong 
meso-rectum, which is longer near the Valvula BaMhinii and con- 
tinuous with the mesentery of the small intestine. The hinder 
portion of this mesentery is very short, and only covers the lateral 
walls of the rectum. 

With the exception of a small portion of its dorsal surface, which 
is attached to the rectum, the whole surface of the bladder is covered 
with peritoneum. 

The mesentery of the alimentary canal commences in connection 
with the oesophagus between the roots of the lungs ; it is attached 
to the dorsal surface of the liver, covering the posterior caval vein, 
and is attached to the gall-bladder. From this point it extends, as 
a free, arched fold, to the concave right border of the^ stomach, 
which is completely surrounded by peritoneum. 

The gastro-duodenal fold [Ligamentum gastro-dvodettale) extends 
from the stomach to the pylorus and includes the pancreas. The 
hepato-duodenal fold {Lig, hepaio'dumhnale) extends from the portal 
fissure of the liver to the duodenum. 

The mesentery of the small intestine is broad and arranged in 
folds, which follow the curves of the intestine; and is attached in 
the middle line, immediately beneath the vertebrae, where it encloses 
the aorta. 
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The variona folds and mesenteries carry the blood-vesselB and 
nerves to the different organs ; in this course the vessels are sur- 
rounded by large lymphatics, which communicate with each other. 
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b. Minute Structure {Fig. soi). 

[The peritoneum is a serous membrane, formed for the most part 
of a layer of irregular endothelial cells, arranged on a thin layer of 
Bubserous, connective-tissue (Fig. aoi I, II, and III). 

The endothelial cells are attat^'hcd to each other by cement-^b- 
stance, easily stained by silver nitrate. The cells covering the 
general surface of the peritoneal cavity are larger and broader than 
those covering the mesentery of the small intestine (compare I and 
II, Fig. 201). 

At various points stomata are found, bordered by smaller and 
more deeply staining epithelium (I, A). The membrane covering 
the general cavity is also much more pigmented than that covering 
the mesentery (compare I and II}. 

Various portions of the ])eritoneal surface possess ciliated cells, 
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and these cells are usually thicker than the surrounding non-ciliated 
cells. Such cells are found especially near the openings of the ovi- 
ducts and on the liver. The dimensions of the cells vary ; according 
to Neumann the average dimensions of ciliated cells on the liver are : 
0'Oo6 mm. depth (without the cilia); nucleus, o*oi2 mm. long and 
0*003 ^"^- ^road. The cells are five- or six-sided and bounded by 
straight sides (Neumann).] 
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I. THE LARYNX. 



The larynx (Fig. 202} is a short wide tube plaeod between 
the posterior comua of the hyoid, to wliich it is attached by 
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connective- tissue. The long axis of the tube lies 
line and almost horizontally, hut the posterior end 
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the animal is in 
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The anterior end 
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The larynx is 
lined with mucous membrane, which is continuous, in front with 
that of the mouth, behind with that of the lungs. The organ 
has a skeleton of cartilage, and possesses special muscles, 
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by which the supply of air to the lungs, and the voice can be 
r^ulated. 

s. The oortilages of the larynx. 

The cartilages of the larynx are five in number, of which four are 
paired and one is single. 

(i) The cricoid cartilage (Figs. 203, 304) is an oval ring of 
cartilage with various processes. The ring-like portion of the 
cartilage is placed in a plane which is almost vertical, but which 
is directed slightly upwards anteriorly, and slightly downwards 
posteriorly (the animal being in the usual sitting position). 
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The sides of the ring are slightly cur^■ed inwards on the anterior 
surface, and possessed of irregular enlargements (C.O-CJ.*), the space 
enclosed by this portion of the cartilage is occupied by a membrane 
(3/), which forms the floor of the body of the larynx. 

From each side of the body of tlie cartilage, a process (CJ.^) is 
given off, which curves backwards and inwards to join its fellow of 
the opposite side, the two formingablunt spinous process (i^j), which 
projects backwards, and is intimately attached to the oesophagus. 
Between these processes and tbe- lower portion of the body of 
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the cricoid cartilage are the apertures of the roots oE the lungs 
(I'^g. 203), which, by their attachments to these cartilagesj are 
kq)t open. 

(2) The aiTtenoid cartUages (Fig. 203 I, II, Ca, Co'-) arc a 
pair of cartilages placed 
in front of the cricoid 

cartilage, one on each "f' '°^- 

side. Each cartilage in 
semilunar in shape, eon- 
cave internally, and 
convex externally. The 
cartilage)! arc placed 
almost vertically, witli 
their posterior bordens 
or batjes parallel to the 
body of the cricoid car- 
tilage. The superior 
borders (Fig. 204) are 
directed upwards and 
forwards, the inferior 
downwards and for- 
wards. The superior 
and inferior borders are 
separated by a semicir- 
cular notch, bounded by 
two sharp apices. The 
superior and inferior 
angles of the two car- 
tilages are close to- 
gether, and movably 
attached to each other 
by connective- tissue. 

These cartilages vary 
very greatly in the two 
sexes. In the males 
they are thick, strong, 
and large ; in the female 
the cartiUges are very 
thin, more hollowed and 
much smaller. 
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(3) [The pre-Etrytenoid oartUagOB (Pig. 206 I, i*) are two small 
elongated cartilages placed in the Bemicircular notch between the 
superior and inferior borders of the arytenoid cartili^^. They are 
subject to much variation in size, sometimes being merely a very 
slender rod, at others a moderately thick oval mass. In female 
specimens they appear to be, at times, absent, or to unite with the 
arytenoid cartilages, as in these cases a third very small apex 
is found on each arytenoid cartilage ; but it is always much smaller 
than the two neighbouring apices.] 

b. The attaohments of the oartilages to each other. 

The cartilages do not articulate directly with each other, but are 
connected by connective-tissue only ; there are, therefore, no syno- 
vial sacs. 

Fig. 105. 
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c. The muscles of the larynx^. 

The muscles of the larynx appear in the following order, when 
dissected from the mouth ; — 

' The nomencUtoie adofted ii that of Henle Mid Hoffmann. 



THE LABYNX. 315 

(i) The M, dilatator aditus larpi^is(}ienle),(Fig. 205 I) J.) arises 
on either side from the hinder end of the larger posterior eomu 
of the hyoid : the fibres diverge slightly to be inserted into the 
middle portion of the outer surface of the arytenoid cartilage; a 
smaller bimdle of fibres is attached to the deeper-lying constrictor 
muscle and to the cricoid cartilage. 

(2) The M, constrictar aditns larpigis (Henle), (Fig. 205 Ca.L), 
arises on either side from the hinder half of the dorsal surface of 
the posterior comu of the hyoid. The two muscles enclose the larynx, 
and are inserted into a median tendinous raphe on the under sur- 
face of the larynx [Jt), The raphe is connected with the skeleton 
of the larynx by connective-tissue. 

(3) The M, hyo-arytenoideus attterior{¥ig. 205 CoJ,) arises on each 
side from the inner border of the anterior end of the comu of the 
hyoid ; the muscle lies close to the anterior border of the arytenoid 
cartilage, and is inserted into a fibrous lamella on the dorsal surface 
of the larynx. The M, petrohyoideus tertius is also partially inserted 
into this lamella. 

(4) The M. petrohyoideus tertius (Fig. 205 Ph^), (see also p. 66). 
The greater part of this muscle is inserted into the end of the 
posterior comu of the hyoid (HH); a smaller portion (5, 4S*) 
is prolonged to be inserted into the cricoid cartilage and into the 
fibrous lamella into which the 3IM. hyo-arytenoidei anteiiores are 
inserted. 

(5) The M. hyo-arytenoideus posterior (Fig. 205 C.oJ,^) arises on 
each side from the superior angle of the corresponding arytenoid 
cartilage, under cover of the tendon of the M. petrohyoideus tertius. 
The muscle is inserted into the inferior angle of the arytenoid 
cartilage. 

d. The interior of the larynx (Figs. 202, 206, 207). The cavity 
of the larynx is constricted at two points : anteriorly it is con- 
stricted by the true vocal cords (Figs. 206 Vy 207 SB)^ posteriorly by 
the false vocal cords. The whole cavity is lined with mucous mem- 
brane, which is continuous with that of the mouth anteriorly, with 
that of the lungs posteriorly. 

(i) The true vocal oords are two vertical flat bands of con- 
nective-tissue, attached above to the superior angles of the arytenoid 
cartilages, below to their inferior angles \ their anterior borders are 
thin and free; near their posterior boi:ders they are attached by 
mucous membrane to the internal surfaces of the arytenoid cartilages. 
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The anterior and posterior borders t 
concave (Fig. 202 F). 



i not parallel but are each 




The anterior border is thin, 
the posterior thick and rounded. 

Seen from in front (Pig. 206), 
the opening between the cords 
(Rima gloilidii) is slightly wider 
at each end than in the middle. 
The ends of the concave poste- 
rior border are prolonged back- 
wards and enclosed in a fold of 
mucous membrane. Fart of the 
tissue enclosed is unstriated mus- 
cular fibre, which may be traced 
to the cricoid cartilage. 

(2) fTbe &lse vocal oordB 
(Figs. 3C2 and 206 F) are simply 
folds of mucous membrane, 
which extend vertically on each 
side of the larynx behind the 
true vocal cords; they do not 
extend so far towards the me- 
dian plane as do the true vocal 
cords.] 
% Sit.... »., .f o- u„„, c« (3) [The eutriolM of the 

ubiiqneiy. larvnx (Figs. 202 and 306) are 
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V \ouiiaird. ventricles are between the true 

vocal cords and the arytenoid cartilages ; they are open anteriorly, 
and closed by mucous membrane posteriorly. 

The posterior ventricles open towards the median plane, each 
presenting an oval opening (Fig. 203), which widens outwards into 
a large cavity (Pig. 206 //). The cavity is bounded in front by 
the base of the true vocal cord, and the mucous membrane attached 
to it; posteriorly by the false vocal cord, and externally by the 
cricoid cartilage and the co 11 necti^c- tissue capsule of the larynx.] 

(4) [The mucous membrane of the larynx varies in struc- 
ture in various parts of the organ. From the anterior opening 
of the larynx to the posterior borders of the vocal coitls it is 
lined with stratified epithelium, which is firmly attached to the 
underlying structures by a small amount of sub-epithelial 
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tissue. This is especially well marked on the vocal cords 
themselves. 

Behind the vocal cords the mucous membrane 
is much more loosely attached to the surrounding 
structures by an extremely vascular areolar tissue. 
The epithelium is arranged in a single layer 
of columnar cells, among which are numerous 
goblet-cells. In the more external parts of the 
poeterior ventricles, the mucous membrane is 
thrown into deep folds and so forms polygonal 
acini. In the median line of the fioor of the 
larynx and behind the false vocal cords is a 
vertical fold of mucous membrane, which in- 
creases in height and breadth as it proceeds 
backwards towards the roots of the Inngs. The 
mucous membrane behind the true vocal cords 
is extremely vascular, in the most posterior 
portion of the larynx the blood-vessels form a capillary network 
exactly like that of the lungs.] 

e. [The epiglottta (Pig. 306 ^ is a small bilobed fold of mucous 
membrsjie placed on the floor of the mouth in the median plane and 
immediately in front of the aperture to the larynx. Between it 
and the mucous membrane covering the arytenoid cartilages are a 
number of large mucous glands ( G). The epiglottis does not contain 
cartilage; it is, however, constant in its appearance and sharply 
marked off from the surrounding mucous membrane.] 



II. THE LUNGS. 

a. Oeneral desoription. The lungs are two large thin-walled 
sacs (Figs. 185 and 204 Zff and Zff^). The roots of the lunge are 
contracted at their origin from the larynx and then expand to form 
two ellipsoid sacs, which terminate posteriorly in bluntly-pointed 
ends. With the exception of their roots they lie entirely free in 

" the pleuro-peritoneal cavity, and are covered by the pleuro-peri- 
toneal membrane. In the recent state they have a bright red 
colour due to the large supply of blood-vessels. 

b. Minute structure. 

(i) The muscular tisane of the lungs is for the most part 
arranged in large bands, which form a coarse network on the deeper 
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surface of the organ ; when seen in section * (PI. II, Pig. 208 Ay B) 
these bands are found to be composed of well-developed involun- 
tary muscular fibres. Between the larger bands are smaller bands 
having a similar arrangement. Prom these networks of muscular 
bands finer processes of muscular tissue pass peripherally towards 
the surface of the organ, and are attached to the thin and incom- 
plete muscular layer found in the wall of the lung (C). 

(2) The connective-tissue of the lungs is present in only small 
quantity, but is still sufficient to fill in the spaces between the 
various muscular bands and the surface of the lung, and to invest 
the whole of that surface. There is thus formed a series of pits, 
the mouths of which open into the general cavity of the lung, 
while their bases are at the surface. Through this connective- 
tissue course the blood-vessels, nerves, and lymphatics. It contains 
numerous yellow elastic fibres. 

(3) The blood-vessels of the lungs. The pulmonary artery 
courses along the outer surface of the lung to the apex, giving 
off, at right angles, lateral branches in the whole of its course; 
these show a tendency to be alternately larger and smaller. The 
lateral branches divide -and form a rich capillary network (T. 
Hoffmann). 

The capillary network has very small meshes ; the diameter of a 
given mesh being frequently less than that of the capillary bounding 
it. The meshes are rounded or polygonal in shape. 

The pulmonary vein arises by lateral branches from this capillary 
network ; the branches join, at right angles, the main vein, which 
courses from the apex of the lung along its inner surface to the 
root of the organ. 

(4) The epithelium of the limgs. Externally the lungs are 
covered with a layer of endothelium derived from the peritoneum. 
Internally the surface is covered with an epithelium which varies 
considerably in different positions. 

On the free borders of the muscular trabeculae forming the 

» See Plate II, Fig. 208. 

Two sectione from the long of Rama temporaria ; stained with borax carmine.— 0. H. 

I. The lung diJated (Uartnaok, Oc. I, Syst 3). 
II. The long contracted (Hartnack, Oc I, Syvt 7). 

A Band of muscle cut traniveraely. B Band of muscle cut longitndinaUj. 

C Muscular layer of surface. 
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borders of the alveoli is a short columnar ciliated epithelium (Fig. 
ao8); such epithelium is also found in the root of the lung; it 
contains goblet-cells. 

The alveoli, for the most part, are lined with a single layer 
of tesselated epithelimn; the cells are polygonal in outline, 
with iinSy granular contents and a distinct nucleus : the average 
diameter of the cells is from 0*0074 to 0*0108 mm., that of the 
nucleus 0*0054 mm., that of the nucleolus 0*0009 nim. ; four to 
eight of such cells occupy the space enclosed by one mesh of the 
capillary network (Eberth). 

The epithelium rests on a structureless basement membrane, which 
is continuous over the whole inner surface of the lung, whereas the 
epithelium does not pass over the capillaries, and is therefore only 
found in isolated patches in the areas enclosed by the capillaries 
(Eberth). 

In various isolated spots, small groups of short columnar or 
goblet-cells are found in the tesselated epithelium (Eberth, HofE- 
mann). 

(5) [The lymphatics of the lungs have been described by T. Hoff- 
mann; they form a network of vessels surrounding the larger 
blood-vessels : from this branches are given off, which form a 
network of fine canals through the whole of the lung ; part of this 
secondary network accompanies the blood- capillaries, but other 
portions run a separate course. They communicate with the 
pleuro-peritoneal cavity. 

(6) The pigment-oellB are very numerous, branched, and large ; 
they accompany the lymphatics, and not the blood-vessels (T. Hoff- 
mann). 

(7) The nerves of the lungs (p. 172) course along the larger blood- 
vessels, under the serous coat; the fibres are chiefly medullated 
fibres (Egorow, Kandarazki). Non-medullated branches, which form 
a plexus in each alveolus, are given off. The branches have small 
triangular enlargements (ganglia), where they unite. The nerves 
are accompanied by nerve-cells, which occur either singly or in 
groups. 

Egorow describes the nerves as being distributed in three net- 
works : one for the mucous membrane and muscular trabeculae ; a 
second for the superficial muscular layer ; and a third for the serous 
membrane.] 
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III. THK VOCAL SACS. 



. General description. 
Fig. log. 



The vocal sacs are a pair of sac6 
which open ia the floor of the 
mouth (Pig. 1 79 8); they are found 
only in the males. When the 
animal croaks these sacs are di- 
lated and act as resonators; when 
so dilated the sace force up the 
skin under the angle of the mouth 
Brud tympanic membrane. In well- 
developed specimens they are about 
as large as an average sized cherry. 
The skin covering the sacs is ex- 
tremely elastic, but is not directly 
attached to the sacs. 

b. Minute struotare. The sac 
consists of connective-tissue, with 
a large proportion of yellow elastic 
fibre. Internally it is lined with 
a flattened epithelium, and exter- 
nally is covered with a layer of striated muscular fibre, derived 
from the mylo-hyoid muscle (Fig. 209 My, Mt/*)- 
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IV. THE THYMUS GLAND. 



a. General desoription. Thethymusg1and(Fig.2io7'^)isplaced 
on each side behind the angle of the jaw; it is best exposed by re- 
moving the skin behind the tympanic membrane and the angle of 
the jaw, and then reflecting the M. ilepreitor mandiiuhe (D.m.). The 
gland is then found as an elongated, oval body, not quite 3 mm. 
long, lying in the space between the M. depremor mandibulae and 
the M. ftentofleiihwas toiileni (iff); it extends slightly beyond the 
posterior border of the former muscle. The space also includes 
connective-tissue, fat, and numerous vessels. 

In Hana temjjoraria this gland is spherical, much smaller, and 
placed further behind on the M. gternodevlimatfoiileng, between the 
M. iatiMimii* ilor») and the M. ileltoiihiig (Wiedersheim). 
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b. Minute rtruoture (Pig. 211). 

[The gland is surrounded by a connective capsule, whicli is 
iiideDt«d on the inner surface to form 
a IiiluB tbrougli which blood-veBsels 
course into the oi^o. 

The capsule sends in numerous fine 
trabecolae, which form a connective- 
tissue skeleton snch as is found in all 
lymphatic glands. The corpuscles of 
the traheculae possess elongated nuclei 
from o'0i9 to 0'028 nun. in length, 
and O'Oio to 0'Oi5 mm. in breadth 
(Tolldt). The trabeculae support a 
networic of blood-vessels. '■''- "■ i»ti<i«'n|u« d^^. 

The meshes of this sustentacular Tt Tjmpanis membruw. 
tissue are filled with cells; these ai'e ; ™ Thjm«.gi««L 

(a) Lymphoid cells, rounded or oval, possessing a round nucleus 
and nucleolus, and an extremely small amount of adhering proto- 
plasm; the size of the nucleus is from ooii to 0015 mm. 
(Tolldt). 

Fig. J II. 



mm^'-- 
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((3) Corpuscles of Hassall (Fig. 211 11, III, and IV) are, as a 
rule, large bodies, hut are subject to much variation in size. Their 
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general appearance is seen in Pig. 211 III; they show a concentric 
striation and usually enclose one or more smaller cells. They 
therefore closely resemble similar corpuscles found in higher 
animals. 

(y) In many frogs the cellular structure of at least a part of 
the gland seems to have undergone a degenerative stage (III). In 
such cases the connective-tissue is increased in quantity^ and marks 
off portions of the section into small lobules (III) which are 
filled with cells containing mucus or sometimes fat (III)* Under 
what conditions this degeneration, if such it be, takes place has 
not yet been determined ^. 

(6) Large branched pigment-cells are found in the course of the 
larger blood-vessels. 

(«) Watney describes also four varieties of * granular cells : ' 
I. polygonal or rounded; 2. vacuolated; 3. spheroidal masses; 
4. club-shaped masses attached to the blood-vessels. I have, how- 
ever, not been able to distinguish them. J 

[Tolldt {I.e. 1868) described the lymphoid tissue and the blood-vessels of this gland 
but did not find the corpuscles of Hassall. 

Fleischl {I.e. 1870) disputed Tolldt*s description ; he evidently found the oorpasdei 
of Hassall (see Fig. 211 lY), but he held them to be nerve-cells, and described them 
as such. He was also of opinion that the blood-vessels open into the intercellolar 
spaces (as in the spleen). This has not been found to be the case by any other 
observer. Watney {I. c, 1882) first described the concentric corpuscles of Hassall 
as such. 

Most writers describe the parenchyma as arranged in lobules. This I have only 
seen in a part of the gland and under what I believe to be pathological conditions.] 



V. THE THYROID GLAND. 

a. General description. A thyroid gland (Fig. JZ09 Thy) is 
found on either side as a small, triangular, or oval, reddish-coloured 
body on the dorsal surface of the M, sternohyoideus^ just before 
it passes between the MM. genio-liyoidei. It lies in the angle 
formed between the larger and smaller posterior cornua of the 
hyoid (IlHy HID), It is easily found by the presence of a large 
number of vessels in its neighbourhood, and especially by the 
large jugular vein, to the ventral surface of w-hich it is intimately 
attached. 

' Only winter- frogs were at my di8i>osal ^translator^ . 
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Not uncoiomonly several Bmaller BUpplemental glandn are found 
in the rich anastomosis surroimding' the oi^n. 

The dorsal surface of the Fig. an. 

gland is lobulat«d, the ventral 
surface flatter and convex. 
The glands of opposite sides 
are seldom symmetrical; 

b. Minute structure (Fig. 
212 I and II). [The gland 
possesses a connective-tissue 
capsule, which sends in trabe- 
culae to support the vesicles of 
which the gland is composed. 

The vesicles (I and II}, 
which vary greatly in size, arc 
closed cavities, usually of a 
rounded or oval form, but some- 
times branched (Baber). Each 
vesicle is lined with a single 
layer of cubical or slightly 
columnar epithelium (II, a), 
which rest-s on a delicate 
basement-membrane of con- 
nective-tissue, placed between 
the epithelium and the sur- 
rounding lymphatics (Baber). 

Zeiss describes a delicate reti- 
culum between the epithelial 
cells. 

The vesicles always contain 
mucus (i), and are surrounded 
by a fine anastomosis of blood- 
vessels (r).] 




VI. THE LYMPHATIC GLANDS OF THE HYOID 
REGION (TONSILS?). 

a. [General description. These are two oval, reddish-coloured, 
soft lymphatic glands, placed one on each side of the larynx. 
Frequently they are divided into two or three lobes by more or less 
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deep fissures. They are constant in their occurrence, and are 
frequently supplemented by one or more smaller glaode; each 
g:land has the larynx on its inner 
side, the Vena jngularit externally, 
the M. omohyoidevs in front, and 
above the mucous membrane of 
the pharynx (Tolldt). 

b. SUnute struoture. The 
glands consist of dense lymphoid 
tissue (Fig. 213)^ but possess in 
addition one or more lai;ge bodies 
(a) which resemble lymphoid fol- 
licles in structure. Each is com- 
posed of a dense mass of small 
cells ; and the whole follicle is, as 
in similar follicles of higher ani- 
mals, sharply differentiated from 
the rest of the oi^n. 
The glands possess an extremely rich vascular supply, and are 
frequently pierced by one or more large arterial trunks. 

The muooue membrane covering the glands is thinner than that 
immediately around, but is not perforated.] 

[Ab far aa 1 am aware, Tolldt in tlie only oliserver wha deacribes thece glandi : he 
uiakea no mention of the lymphoid follicles.] 
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THE URINO-GENITAL SYSTEM, THE ADRENALS, 

AND THE FAT-BODIES. 
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THE URINU-GENITAL SYSTEM. 

By cutting: through the meso-rectum the posterior caval vein is 
seen, as a large vessel, arising by numerous transverse branches from 
the ventnil surfaces of the kidneys 
and testes (Fig. 214 Cv), lying in 
the median line between the kid- 
neys I by drawing it to one side the 
dorsal aorta is brought into view 
(Fig. 214 Ao). The testes are placed 
on the ventral surface of the kidneys, 
and together with the fat-bodies 
conceal the anterior portions of these 
organs. The posterior portions of 
the kidneys are covered by perito- 
neum only, and may by seen with- 
out further dissection. The kidneys 
lie dorsal to the peritoneum, and have 
this membrane on their ventral 
auriaces only ; their dorsal surfaces 
are in contact with the lumbo- 
sacral plexus. 

The ureters extend from the 
anterior border of the eighth verte- 
bra to the middle of the urostyle, 
where they terminate by two orifices 
in the dorsal wall of the cloaca 
(Kg. 184). 

The testes are entirely surroimdcd 
by peritoneum, except a small part 
(Zfi/a*) of the inner surface, where 
the vessels and ducts enter. 

The urino-genital organs are arranged in the same manner in 
the two sexes; the ovaries corresponding in position with the 
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testes (Fig. 214), that is, they are bilaterally symmetrical, and 
placed on the ventral surfaces of the kidneys. 

The oviducts (Fig. 224 Ov) lie externally to the kidneys and 
ovaries, and course through the whole length- of the tnink from the 
roots of the lungs to the cloaca. The size of the ovaries and oviducts 
varies very greatly according to the season of the year ; at timefs, 
the kidneys may be entirely hidden by them. 

1. THE URINARY ORGANS. 

A. The kidneys. 

a. General desoription. Each kidney (Fig.. 215) is a reddish- 
brown, elongated organ, almost semilunar in shape; the inner 

border being straight and the outer convex. 
^^' ^ ^' The organ is flattened from above down- 

wards, and decreases in thickness towards 
either end. In animals of average size 
the kidney is about 16 mm. long, and 

The right kidney. Heen from the p ^ j i i mt i • 3 

ventral surfHce. rrom 6 to 7 mm. broad. The kidneys 

lie parallel to the vertebrae. 
The outer l)order is smooth and even, except at its posterior third, 
where a slight depression for the/ ureter exists ; the inner border 
has usually two or three well-marked notches, the hindermost of 
which is the deepest (Fig. 215). Each notch is continued outwards 
as a groove, traversing the whole breadth of the ventral surface 
and containing a branch of the renal portal vein. The ventral 
surface is, as a w4iole, slightly concave, grooved, and lobulated; 
the dorsal surface is smooth and slightly c^onvex. 

b. [Minute structure. The kidney is enclosed in a thin capsule 
of fibrous tissue (Fig. 2 20 7/^), which sends in fine trabeculae to 
support the glandular stnictures and the blood-vessels.] 

(1) The blood-vessels of the kidney are the renal veins, the renal 
arteries, and the renal portal vein. 

a. The renal portal vein (p. 247) courses along the outer border 
of the iX)sterior part of the kidney, and then along the outer margin 
of the dorsal surface ; in this course it gives off large branches, 
which course inwards and forwards and supply numerous lateral 
twigs. These anastomose to fonn a network of vessels on the 
dorsal surface of the organ, from which very numerous large 
branches course downwards and somewhat inwards to join corre- 
si)onding branches of the renal veins (Fig. 216 I). 
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p. The rt-nal viiine (p. 247) form a coarse plexus on tin; ventml 
surface ijf the kidney, from this numerous large branches (Fig. 216 I) 
course apwardm and outwards. 

The venous Bystem between the renul portal veins on the dorsal 
snrfiit«, and the renal veins on the ventral surface, arc w large that 
they can scarcely be named capillaries (HyrtI). 

y. The renal arteries (p. 231) are distributed to the ventral 
surface of the kidney ; their mode of distribution varies in different 
parts of tlic organ. A simple arrangement is that shown in 
Fig. 216 I, where a branch traverses the breadth of the kidney and 
^ives olT branches to the Malpig'htan eorpusele.s : in one rase (C) 
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I have seen two twigs passing to the same corpuscle; as a rule, 
however, each Malpighian corpuscle receives only one twig. A more 
general arrangement is that the artery courses nearer the ventral 
surface and in a more winding course, several twigs are then given 
oflE close together, from the convex surface of one of the curves, and 
these course to their respective corpuscles. 

In the Malpighian corpuscle the arterial twig forms a series of 
loops and then passes out to open abruptly into one of the branches 
of the neighbouring venous anastomosis (Hyrtl). 

(2) [The Malpighian corpuscles and their capsules (Figs. 216 I, 
218 III). The corpuscles lie nearer the ventral than the dorsal 
surface. They are rounded oval bodies, formed of loops of an 
arterial twig, held together by a small amount of connective-tissue. 
Each corpuscle is enclosed in a capsule, which it incompletely fills 
(Fig. 217) V 

The capsules are formed of connective-tissue and lined with a 
flattened epithelium (Fig. 218 III) : according to Duncan the fibrous 
coat is arranged in two layers (III a). Towards the opening of the 
uriniferous tube the epithelium increases in thickness. 

According to Hyrtl, the corpuscles are arranged in two layers, a 
more superficial one and a deeper one ; and are of two sizes, the 
larger being as a rule the more superficial (ventral).] 

(3) [The uriniferous tubes (Figs. 217 and 218). Each tube 
originates at a narrow opening on the dorsal surface of a Mal- 
pighian capsule. The tube gradually widens and is lined w^ith 
a short rounded or cubical epithelium (Roth), (Fig. 218 III); each 
epithelial cell bearing a small number of extremely small cilia (Bow- 
man, Kolliker, Duncan, and others). The cilia of the cells nearest 
the capsule are directed towards it (Heidenhain), those of the cells 
further away have an opposite direction (Spengel). This portion of 
the tube is known as the neck ; it courses dorsalwards. 

The second portion of the tube (Tuhulns cmiforfvs), (Fig. 218 
III, IX, and XII) has a very tortuous course in the dorsal part 
of the kidney, and then winds towards the ventral surface. This 
portion is lined with columnar epithelium, which has granular 
contents, and possesses large distinct nuclei. The cells of this part 

• See Plate II. 

Portions of two tranttveree vertical Hections through the kidney. — (i. H. 

I. Kidney of Hana fxculenta^ {lartial injection of tlie uriniferouB tnben with nilrer nitrnte 
(Uartnack, Oc. I, Sj-st. 7). 

U. Kidney of Rana temjioraria, Rtained witli l>orax-camiine (Hartnack, Oc. 1. Hjt-t. 7). 
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of the kidney are usually more or less coloured with a golden- 
yellow pigment. According to Tornier it bears short cilia (Fig. 
21 8 XIV). 

The third portion corresponds with the narrow limb of Henle's 
loop; it is lined with ciliated epithelium (Fig. 2t8 VIII, b to c), 
similar to that in the neck of the tube. 

The fourth portion (Fig. 218 VIII, c to d, and XIII) repre- 
sents the wider limb of Henle^s loop. It has a winding course 
in the ventral part of the kidney, and then ascends dorsally to 
open into a collecting-tube. The fourth part of the tube is lined 
with a short, columnar epithelium (Fig. 218 VIII, c to d), which 
has a clear, cuticular, free border, large nucleus, and a peculiar 
arrangement of the protoplasm, which shows a rod-like structure 
(Pig. 218 XI). 

The collecting-tubes course transversely near the dorsal sorfiice 
of the kidney (Fig. 217), and the uriniferous tubes meet them at 
right-angles. They are lined with a short polygonal epithelium 
(Fig. 218 VII). 

The peritoneal funnelB of the kidney (nephrostomee). Spengel, Meyer, and 
Hoffmann describe these funnels as existing in the frog; according to them they 
open on the ventral sarface by narrow apertures, and each is connected, by a vertical 
tubule, with the fourth part of the uriniferous tube (Spengel), but according to 
Nussbaum, with the neck of the tube. According to Spengel and Meyer the number 
of these funnels is in Eana from 250 to 360. 

According to Wiedersheim the funnels hang free from the ventral surface like to 
many parasites attached by fine filaments, and do not open on the sur&oe. 

Heidenhain (Arch. f. mik. Anat., Vol. X) was unable to find these organs. 

Being unable to find any trace of these organs in the kidneys of either B. tempo- 
raria or K. esculenta, in microscopic sections or in teased preparations, I inserted 
canulae into the ureters of both male and female specimens of both speciee, and 
injected the uriniferous tubes with a solution of Berlin blue. Although ihe_ tubules 
were, in some cases, completely injected, in no case could I find any trace of a 
peritoneal funnel, nor was there any escape of the solution from the kidney as would 
be the case if the funnels were open and communicated with any part of the mi- 
niferous tubes. Even when the pressure was increased to the extent of a column 
of 25 cm. high of the injection-mass, no escape took place from the surface of the 
kidney, though in numerous cases the uriniferous tubes were ruptured by the abnor- 
mally high pressure. 

Properly dissected frogs were placed in o-6 °/^ sodium chloride solution, in which 
finely divided gamboge was suspended. No trace of ciliary action was, in aHy case, 
found on either surface of the kidneys. 

One may therefore conclude that if the peritoneal funnels exist in the adult hog 
(i) they are very difficult to find; (2) they do not form a free communicating path 
between any part of the uriniferous tubes and the abdominal cavity; (3) their 
superficial terminations have no free cilia. Ah before stated I have found no 
trace of any such organs. 
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The lobules of the kidney. When treated with proper reagents 
the kidney shows a marked tendency to separate into lobules (Fig. 
219 I). 

The lymphatios of the kidney (Fig. 216 III *) form an irregular 
network of fine canals with elongated meshes. They run chiefly 
in the direction of the blood-vessels. The large vessels, which 
supply the kidney, are surrounded by large lymphatics.] 

The nerves of the kidney (Fig. 219 II) ^ Little is known of 
these. Nerve-fibres have been traced alongside the larger blood- 
vessel through the greater part of the kidney. 

B. The ureters. 

a. General description. In the males the ureters are, at the 
same time, the seminiferous ducts. Each ureter commences on the 
dorsal surface of the kidney by bifurcating branches, which are 
continuous with the collecting-tubes of the kidney. In the anterior 
two-thirds of the kidney the ureter is wholly on the dorsal surface ; 
at the junction of the middle and posterior thirds it winds round to 
the outer border of the kidney (Fig. 214 Ur)y and there lies in a 
groove accompanied by the renal portal vein (Fig. 220 Ur and Aa), 
the two organs being intimately attached to the kidney substance 
and enclosed by the fibrous capsule {Bg). 

This portion of the ureter possesses a spindle-shaped enlargement, 
which represents the Becepf-aculvm seminis. In Rana temjjoraria the 
Reeeptaculum seminis forms a large saccular dilatation. 

In its further course the ureter runs backwards and slightly 
inwards, converging with its fellow of the opposite side ; the ureters 
lie free in the abdominal cavity, and terminate by two openings 
placed side by side in a groove on the dorsal wall of the cloaca 
(Fig. 2145,51). 

In females the ureters are intimately attached to the dilated 
oviduct, immediately after leaving the kidney; they pursue a 
similar course to those of the males, but are attached to the oviduct 
in the whole of their course to the cloaca. 

b. Minute structure. The ureter is a tube composed of connective- 

» Se« Plate II. 

Two portions from a gold iireparation of the kidney of Rana fsruUnta.—G, U. 

I. Showing the tendency to »pUt into lobulea. 
IL Nerve*flbreii aocompanying the blood-veeseLi. 
a IU<KMl-ve«elB. 
6 Nervee. 
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tissue and involuntary muscular fibre, and lined with a mucoat 
membrant^. The mucous membrane ib thrown into longitudinal 
folds, Bud consists, in the larger tubes, of two or three layent of 
e|)ithelium (Fig. 218 V), that on the 
free surface ie tolumnar; the deeper 
cells being rounded or polygonal. 
The lai^r branches of the ureter are 
lined with columnar epithelium (Fig. 
218 VI), with small intervening cells. 
s In some parts of the branchea the 
columnar epithelium bears short cilia. 
No glands have been found in the 
ureter or Hfcf/ilacnlum *eminit; in 
Jiaua femporaria, however, the Heetp- 
taetdina gemivi* possesses largc^ branch- 
ing mucous glands (Wiedersheim). 

C. 1'lie bladder, 
a. Oeneral deBoription. The uri- 

?«->«-. «2^^rti,.kJj™.,. nary bladder (Fig. I«5 HI!) is closely 
B^ tuiiii«tir«ti«iieoai«iio. attached to the ventral wall of the 

" Dun-i «"("". cloaca and is csiBilv distended from 

sr. Rsnid psroochjiiiii. ■' 

rr vnutt. that organ. In relation to the animal 

r'n iton»"«rt«i™i-i it is of very large size; inconsequence 

oi its being contracted in the middle 
it has two lobes, which may be of unequal size. The organ is 
somewliat heart-shaped (Figs. 1 84 and 1 85), with the narrow neck 
attfiched to the cloaca, into which it opens by a smaller aperture on 
the ventral surface. The aperture is surrounded by a small f(dd of 
mucous membrane. 

b. (Minute structure. The urinary bladder is bounded by a 
thin, transparent wall, lined infernally with mucous membrane, and 
covered externally by j)crit4>neum . 

(1) The muscular coat is formed of a network of fine bands of 
uustriated muscular fibre (Fig. 221); it is supjwrted and completed 
by a connective-tissue layer, rich in connective-tissue corpuscles and 
yellow elastic fil)rcs. 

(2) The peritoneal coat is a single layer of endothelial cells 
derived from the peritoneum and resting on a very thin layer of 
Buhperitoneal tissue. 
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(3) The mucotis coat is formed of epithelium resting on a layer of 
loow, areolar tissue. The epithelium (Fig. 211 I, II, and IV) is 
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arranged in three layers: the i-cIIb of the uppermost (II and 
IV, a) always present a flat or convux border to the cavity of the 
organ ; seen from their free surfaces (I) they have polygonal out- 
lines intermixed with round apertures belonging to goblet-cells, the 
remaining surfaeeti of these cells are serrated. The cells of the 
middle layer (IT and IV, i) are polygonal in outline, they are not 
so tall as the cells of the layer above; all their borders are serrated. 
The cells of the deepest layer (II and IV, i-) are more or less pointed 
above where they project between the cells of the second layer ; their 
lowest surfaces are flattened towards the sulwpithelial tissue, and 
all their surfaces are serrated. 
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The cells of all three layers possess a eeU-wall^ and fineljr gran- 
ular contents, and each cell has a large oval nucleus (List). 

The goblet-cells (Fig. 221 I and IV, d) vary very much in shape; 
they are always more or less rounded in outline : they vary greatly 
in size (from 1 90 jm to 54 jm in length) ; some possess ' feet ' or basal 
prolongations, in others these are absent. They usually open freely 
by roimded apertures on the surface of the mucous membrane, 
but are sometimes closed. The nucleus is placed towards the base 
of the cell and surrounded by a smaller or larger amount of proto- 
plasm. These cells usually extend into the middle layer of the 
epithelium, and they probably constitute unicellular mucous glands 
(List). 

(4) The blood-vessels of the urinary bladder (p. 235) are very 
numerous and run in very tortuous courses ; they are accompanied 
by large lymphatics and by nerves. 

(5) The nerves of the urinary bladder (p. 191) are of both medul- 
lated and non-medullated fibres, which course together towards 
their points of distribution ; the non-medullated fibres are, however, 
much more frequent than the medullated fibres (Wolff). 

The non-medullated nerve-fibres stand in close relation with the 
nerve-ganglia of the bladder. These ganglia may be unicellular^ or 
composed of groups of nerve-cells ; the cells vary considerably in 
shape, round, oval, triangular, and other forms being equally 
frequent in their occurrence ; to some extent the form appears to 
depend upon the number and position of the processes of the cells. 
The diameter of the cells varies from 0*05 mm. to 0"i mm.; the 
nucleus has a diameter of 0*025 mm., that of the nucleolus measures 
0-005 ^^' (Wolff). 

The cells may be unipolar or multipolar ; the former are however 
rare. The processes of these cells supply the muscle-fibres (Fig. 
221 V, a), and other non-medullated processes connect the cells 
with the nerves (V, b (Wolff) ). 

The number of muscular fibres is far in excess of the number of 
the fibres of distribution of the ganglia; Wolff hence concludes 
that the nervous impulse may pass from one muscle-fibre to 
another.] 
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II. THE REPRODUCTIVE ORGANS. 



A. The male reprodactive organs an the testes and their 
ducts. 

a. 0«neral desoriptioD. The relations of the testes have 
already heen given (p. 234); the., organs vary much in shape 
and size in different individuals and with the different seasons; 
when greatest they are spherical, or o£'a rounded oval form, occasion- 
ally cone-shaped or pear-shaped. The surface of the testes is not 




itU mdlDg blindly. 



smooth, but presents a series of convexities, each corresponding^ 
to a lobule of the gland. At the iilut on the inner border the vessels 
pass to and from the organ, and the f^ata eff'erenlia leave the testis. 
The number of Faia efferentia (Fig. 212 I and II) is subject to 
considerable variation, not only in different animals, but on the 
two sides of the same animal. In some cases these ducts form a 
network (I), in other cases this is absent (II) ; usually the ducts 
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hifurcat*; at acute angles, just before entering the kidney. Most of 
the tubes bo formed open into the eollecting-tube ; a few, however, 
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end blindly in tht- mesorchium (I, t)- 'I'be fouree of tlie Vat 

from the testis is first inwards, within the metiorchium ; on r«aohii^f~ 

the kidney they curve dorswhvards between that organ and the 
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corresponding testis : the ducts then travel in the ventral surface 
of the kidney towards its inner border, where they open into a 
longitudinal canal (Bidder), (Fig. 222 I, L), Just before their 
terminations each duct has an enlargement (I, C), the exact import 
of which is unknown (see also Fig. 218 XV). 

The collecting-tubes open into the ureter at the hinder extremity 
of the kidney. 

b. [Minute structure. The testis possesses a thin connective- 
tissue capsule imdemeath its peritoneal covering (Fig. 223 II, a) ; 
this sends in trabeculae (b) towards the centre of the organ, and so 
encloses the separate lobules. Each seminiferous tube arises from an 
elongated irregular sinus placed towards the middle of the organ ; 
the tubes (c) are slightly convoluted in their course towards the 
periphery, near which they branch (Spengel). The tubes are from 
0'i6 nmi. to o'i2 mm. in diameter (KoUiker), and are lined with 
two kinds of cells (Fig. 222 III) ; the cells (a?) nearer the periphery 
are rounded and have large rounded nuclei, the diameters of which 
vary from 0*013 ^ °*^^ mm.; these again possess large and 
distinct nucleoli. The other cells (y) are of elongated, spindle- 
shaped form; and have oval nuclei, with an average length of 
0'0i6 mm. and an average breadth of 0005 mm. (Neumann). 

The rounded cells lie in groups which vary in thickness and 
arrangement, and are often compressed so as to have polygonal 
outlines. The spindle cells are arranged so as to radiate from the 
lumen of the tube to the periphery, at an angle which varies from 
45 to 90 degrees ; these are the spermatoblasts. 

The various changes which the spermatoblasts undergo in the 
formation of spermatozoa will easily be understood by reference to 
Fig. 223 I, a to i, where i and i represent the fully developed 
spermatozoa. These have three parts, head, middle part, and tail, 
the respective lengths of which in the two species are, according to 
Neumann, the following : — 

Head. Middle part. Tail. 

Rana eseulenta 0*0140 mm. 0*0025 ^^" 0*040 mm, 

Rana temporaria o*co66 ,, 0*0330 „ 0*045 5> 

At the hilus of the testis the rounded cells of the seminiferous 
tubes are gradually modified to form short cylindrical cells (o*oi 
mm. long and o*oc6 mm. broad), the spindle cells being absent 
(Neumann). The Fasa eferenlia are also lined with a similar 
columnar epithelium (Spengel).] 
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B. Tho female reproductive organs. 
The position of tlKW wrg-aus lias ali-eiidy bet'ti f^iven (p. ,-{35). 
I. The ovaries. 

a. Oeneral deecTiption. 
^■'■4- 'H Each sac-liko avary (Fig. 

^^ ^ 224)18 subdivided by 

n-alii-(l septa iuto numi 
eompletc chambers, to 
inner walls of whicli 
Dva are attached. The 
walls of adjacent sacs are 
intimately. attached to 
iither, and the euhdivii 
corresponds with the 
ternal lobulated ap| 
of the organ. Aeeording 
t*t Spengel ihe number of 
lohuk'B is about fifteen 
{Rathko nine to tliirleeu, 
Brandt nine). Whether 
this sefjmentation of the 
ovary corresponds with the 
B^mentatiofi of the body 
has not been determined 
(Spciig^'I). No part corre- 
spouding: with Bidder's 
oi^n haa been found m. 
Jiaita eneulenta. 

During the ' bi 
m-ason the ovaries undt 
an extraordinary inci 
size 80 as to occupy 
greater part of the 
cavity and to displace th* 
other viscera. The ovaries 
art) entirely surrounded 
peritoneum. 
[The layer of peritoneum eovering^ 
y), the ciliat«d cells being ai 
isolated patches (Schweigger-Seidel, Waldeyer) on the vonttul em 
of the organ, and on the mesovarium ; these patches are 
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times united by very fine connecting lines of ciliated epithelium ; 
the ciliated epithelium is always sharply marked off from that 
surrounding it (Kolessnikow). Under the peritoneum is a thin 
layer of connective-tissue^ which is prolonged inwards to form 
the septa above-described. To these septa are attached the ova. 

Between the connective-tissue layer and the peritoneum are 
isolated patches of germinal epithelium (Fig. 225 IV) ; these are 
easily distinguished^ by the rounded outlines of their cells, from the 
surrounding epithelial cells (Waldeyer, Kolessnikow). These 
patches of germinal epithelium measure from o*093-o*i86 mm. 
in diameter; the germinal cells average o-o 139-0-0232 nun. in 
diameter (Kolessnikow). The patches are most numerous on the 
outer surface of the ovary, and particularly so near the mesovarium. 

The follicles contained in the ovary have a connective-tissue coat 
developed in a manner similar to that of higher animals; the 
primordial ova which they contain have large nuclei (0*0325 mm.). 
The epithelium of the follicles has an average diameter of 0*0232- 
0*03^5 nmi. (Kolessnikow). 

Schnitzels description of the ovaries (I.e.) varies considerably 
from that of Waldeyer and Kolessnikow. Briefly he describes the 
ovaries as a series of sacs separated by and lined externally and 
internally by endothelium; between these two layers are found 
the germinal epithelium and follicles: the structures being held 
together by an extremely minute quantity of connective- tissue.] 

II. The oviduots. 

a. General description. In young animals the oviducts are 
quite straight^ thin-walled^ and of small caUbre. During the 
breeding season^ however, they undergo an immense increase in 
size, and become much convoluted ; in this state they are forced in 
between the other abdominal viscera, and usually cover the whole of 
the kidneys, and sometimes even part of the ovaries (Fig. 224 Ov). 

The openings of the oviducts into the pleuro-peritoneal cavity 
(p. 304) are semilunar slits, directed inwards and Uned with ciliated 
epithelium (p. 306). 

Lnmediately behind this opening (Odium abdominale) the ovi- 
duct is contracted, and is there narrower than in the rest of its 
length; beyond this it expands, and then retails an even size 
nearly to its hinder extremity, where it suddenly expands (Fig. 
224 Ut). This dilatation gradually diminishes in size as it pro- 
ceeds backwards towards the cloaca, into which each tube opens on 
a small papilla. The dilated portions of the tubes lie close together. 
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but do not communicate with each other; the opening of the right 
tube is always slightly behind that of the left aide (Fig. 324 P). 
From the papillae, into whiuh the oviducts open, a fold of mucous 
membrane extends backwards on the dorsal surface of the cloaca to 
meet its fellow of the opposite side at an acute angle (Fig. 224 *). 
The orifices of the ureters are placed within these folds. 

b. Hinute Btmotnre. 

(i) The tubular portion of the oviduct has three walls: 
a peritoneal covering with sub-peritoneal tissue (a); a glandular 
layer (b) ; and an epithelial lining (c). Of these the glandular 
layer forms by far the thickest layer, especially during the 
breeding season, when it is much increased in thickness. It 
(■onsists of long cylindrical glands, often bifurcated at their blind, 
peritoneal ends. The epithelial cells, with which they are lined. 




have the power of absorbinj^ more than a hundred times their own 
weight of water (Boettcher). This layer is absent at the anterior 
opening of the oviduct. 
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The cells have an average diameter of o-oi2 mm., the lumen of 
the individual glands o*i mm. (in spirit-hardened specimens, Neu- 
mann). The cells contain small rounded bodies of very varying 
size, which may exist singly, grouped, or even arranged in rows ; 
they swell on the addition of water. Each cell possesses, in addition, 
an oval, granular, distinct nucleus. When treated with Muller's fluid 
many of the secretory cells have the appearances shown in Fig. 225 
II, dy e, f] they each possess an opening (v(),(Neumann). 

Accordiag to Neumann the great power of absorbing water, 
which the oviducts possess, is due to the presence of these bodies, 
which he names * colloid granules.' The mucous secretion of 
these glands passes into the oviduct and surrounds the eggs on 
their passage towards the cloaca : it is due to this secretion that the 
egg-spawn is so extremely slippery and difficult to handle. 

The inner surface of the oviducts is lined with a ciliated, columnar 
epithelium (Pig. 225 1), containing numerous goblet-cells (I and II). 

(2) The dilated portion of the oviduct has much thinner walls 
than the anterior, narrower portion ; the glands cease abruptly at the 
jimction of the two parts. The outer coat also contains unstriated 
muscular fibre; the inner surface is lined with ciliated epithelivim 
similar to that of the anterior portion. 

The lymphatics of the oviducts form a net with polygonal 
meshes on their outer surfaces ; from this branches pass inwards in 
the spaces between adjacent glands to the inner surface, where a 
network with elongated meshes is formed (LangerJ. 

C. [The Cloaca. 

a. (General description. The cloaca is a short tube lying 
beneath the urostyle; anteriorly it receives the openings of the 
ureters, rectum, and bladder; and in the female the openings of 
the oviducts, in addition : posteriorly it terminates at the anus. 

b. Minute structure. The cloaca is lined internally with a 
mucous membrane resembling that of the rectum, e.g, a simple 
layer of columnar epithelium, which rests on a submucous, areolar 
layer. 

The outer walls consist of a thick superficial, longitudinal mus- 
cular layer, and a deeper, ill-developed, transverse muscular layer. 

o. Special muscles of the cloaca. 

(i) The M. sphhicterani surrounds the end of the cloaca from the 
anus to the tip of the urostyle. It consists of striated muscle. 
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(2) The M. compressor cloacae arises from the tip o£ tlie iirostylc, 
and is inserted into the liiiider end o£ the rectum ; it is also 
attaiiLed to the symphysie of the iliac bones ; from this point a t 
fibres pass to the anus {Hoffmann).] 

in. THE ADEENALS, 
a. General description. 




The adrenals are small yellow bodies 
attached to the renal veins on 
the ventral surface of the ki( 
Ley, towards its outer border. 

b. [Minute struotnre. 
superficial layer of the adrenals 
consists of solid, rounded, or 
elongated gi-oups of polyg;onal 
cells, containing numerous fat- 
granules; these represent the 
cortical snbstaaee of the corre- 
sponding organs of higher ani- 
mals. The medullary part is 
present only in small quantity ; 
it consists of small groups if 
polygonal cells, placed between 
trabeculae of connective-tissue ; 
both trabeculae and cell-groupg 
are covered with an endotheliimi 
The whole organ is surroundeu 
by a connective-tissue caisu'e, 
which sends in trabeculae to 
support the parenchyma (Hoff- 
mann), 

No nerves have been traced 
these organs (Eberth).] 
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IV. THE FAT-BODIES. 



1 



a. General description. The fat-bodies (Fig. 226} are bright 
yellow, lobulat«d bodies, plai'ed in front of the testes and ovaries 
resijeetively. The greater portion of each organ lies parallel to the 
long axis of the body, and from its anterior, posterior, and estemal 



THE PAT-BODIBS. 



349 



borders are given ofE finger-ltkc processes ; these may divide dicho- 
tomously either near the base or more peripherally. The external . 
processes are much the longest, and in the male often conceal the 
greater part of the testis (Fig. 226 FK). The or^ns vary greatly 
in size with the season of the year. 




(Hwtniuk, Oc. I. SyM. y). 



" b. [Kinttte stmotare. Each organ is completely surrounded by 
peritoneum, under which is a very line layer of connective-tissue. 
The interior of the organ (Fig. 227 I) consists of large fat-cells 
with small patches of adenoid tissue interspersed. The organs are 
extremely vascular; each lobe has a main artery which gives off 
lateral branches : each of these immediately divides to form two 
vessels, which run in opposite directions and almost parallel with 
the main stem ; the vesseb then break up into a fine network of 
capillaries.] 
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THE SKIN AND THE SENSE-ORGANS. 



I. THE SKIN AND ITS APPENDAGES, 




The general characters and the colourinff of the skin have already 
been described {pp. 4 to 7). The skin consists of the ciilU vera or 
corium, and the cuticle or epidermie, and tig. ng. 

is possessed of numerous glands. 

a. The epidennia (Figs. 238, 330) con 
sists of several layers of epithelial cells 
those of the deepest layer being more or 
less columnar in form, those of the middle 
layer shorter and polygonal, while those of 
the superficial layer are flattened, very 
transparent, and homy. 

All the surfaces of these cells are serrated 
the Berrations being, however, with diffi- 
culty seen on the free surface of the super- 
ficial cells (Leydig). Each cell has a 
distinct nucleus ; in the deeper cells- the 

nucleus is oval, broad, and rounded, in the superficial cells flattened 
and thin. 

The surface of the epidermis (Fig. 330) forms a very beautiful 
mosaic of flat cells, chiefly hexagonal in form, with pale, cen- 
tral, oval nuclei. Here and there two adja<.-ent cells appear to 
enclose a semilunar space (Fig. 228 D) ; these spaces are occupied 
by peculiar cells (goblet-cells, E. Schultze ; mucous cells, Leydig), 
which do not belong to the superficial cells but the layer of cells 
immediately beneath the homy layer (Schultze, Pfitzner). The 
cells are rounded or flask-shaped, and closely resemble the epithelial 
goblet-cells or ehaliee-cells. According to Rudneff they ojMjn on 
the free surface by stomata ; this is, however, denied by Schultze 
and others. 
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[The homy layer is, for the most part, very thin, as it consists of 
one or two layers of flattened cells only (Schultze), but in some 
situations, as on the back and especially on the imder surface of the 
toes, it is much thickened, and is then rough. 

Deeply pigmented, branched cells, capable of contractile move- 
ments, are also found, somewhat sparsely distributed, in the epi- 
dermis (Leydig, H. Miiller, Schultze).] 

b. The cutis (Fig. 229, Co, Co^, Co^), The epidermis is generally 
attached to the corium by means of a continuous layer of branched 
cells, which is deeply stained when the animals are fed with 
madder (Katschenko). Many of these cells are pigmented. This 
layer is seldom flat, but is raised into papillae and folds, which are 
repeated by the superimposed epidermis. In addition to this layer 
the corium has, except in the webs and supplemental toes, three 
distinct layers of connective-tissue, together with much mistriped 
muscle-fibre (Eberth). 

The superficial layer (Fig. 229 Co) is a loosely-meshed, much 
pigmented, vascular layer; it forms a loose support for the nu- 
merous glands, and is traversed by numerous nerves. 

The middle layer (Co^) forms the groundwork of the cutis ; it 
is much firmer and more compact than the superficial layer ; in 
section it appears as a broad band, bounded superficially by a sharp 
line. It is chiefly composed of closely packed connective- tissue 
fibres, which have, for the main part, a horizontal or wavy course ; 
at certain points, however, vertical fibres are seen passing towards 
the surface and hiding the sharp contour (between Co and 6V). At 
such points the two sets of fibres form a sort of basket-work 
arrangement. 

The deepest layer (Fig. 229 Co^) is composed of very delicate, 
white and yellow elastic fibres, and vessels and nerves ; it attaches 
the whole integument to the underlying organs. By the looseness 
of its structure it forms an important lymph-space. 

[The muscle-fibre of the cutis is very imevenly distributed. It is 
foimd somewhat freely in the region of the back, the dorsal surface 
of the head, and the neck ; less freely on the dorsal surfaces of the 
extremities, very sparsely on the abdomen, breast, and ventral sur- 
faces of the extremities; in the feet it appears to be absent 
(Eberth). 

The pigment of the skin. As already mentioned pigmented cells 

Bb 
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oecur in the epidermis, but by far the greater quantity of the cuta- 
neous pigment is found in the eutis^ and more especially in the 
loose layer of branched cells, which form the boundary between 
epidermis and true cutis. These cells, known as chromatophore- 
cells, have been carefully investigated by Harless. They play an 
extremely important part in bringing about the well-known 
changes in the colouring of the skin. Bimmerman has proved 
that these cells are influenced by stimulation of the nerves 
supplying the region in which they occur. Ehrmann has been 
able to trace a direct connection between the nerve-fibres and 
the pigment-cells (Fig. 231 I, II). In such cases the pigment was 
sometimes sharply marked off, at others was gradually lost along 
the nerve.] 

0. The papillae and ridges of the skin are classified by Leydig 
as follows : (i) Small ridges, (2) larger ridges, (3) papillae \iath 
touch-bodies, (4) papillae without touch -bodies, (5) papillae with the 
ducts of glands, (6) capillaries in the form of papillae, (7) small 
elevations, including the lateral organs. 

[All these structures are derived from the cutis, the epithelium 
above simply repeating the elevation, and being itself either not 
increased in thickness or only to a slight d^ree. (For further 
description of some of these papillae, see Organs of Tactile Sensation, 
p. 380.) 

Peculiar wart-like papillae are found on the articulations of the 
first phalanges with the metatarsus, on the same articulations and 
on the articulations between the first and second phalanges of the 
third and fifth toes, and on the articulations between the first, 
second, and third phalanges of the fourth toe. These papillae are 
connected with the long flexor tendons by fine tendinous bands 
(Klein). 

Temporary papiUae are developed in the females of Rana temporaria during the 
breeding season ; according to O. Huber (/. c), who has described them, their distri- 
bution and structure is as follows : — 

During the breeding season the skio of the sides of the trunk of female specimens 
of liana teniporaria is rough ; the small elevations, to which this roughness is due, 
are each about the size of the head of a pin, and have the appearance of small, 
rounded, white or pale rose-coloured, warty growths. The papillae reach their 
greatest development and are most numerous on the sides of the trunk (Fig. 233 I) ; 
they may be traced on to the tympanic membrane, where they are airanged in a ring, 
and in some cases under the eyes to the sides of the snout. 

Anteriorly the papillae are absent from the median portion of the dorsal surface of 
the trunk, but posteriorly, behind a line joining the anterior extremities of the two 
iliac bones, the papillae cover the whole surface. 
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The papUlke nm large and verj Damerooj around the arnu, and pau b; gradaal, 
tranritioiurj atagei into the ordinary papillae uf the Te(poii. Further the; uiaj be 
traced backwardB along the anterior or eztensoT Bnrfaw of the thigh, the upper aurface 
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of the leg, foot, and fifth toe. Occa»ioiiilly a few papillae were fonad on flexor »nr- 
fteet of the third and fourth metatarsnB, and very larelj were anj di«cov»red on the 
fore-limba. They occur in no other batrachian of Germany (Huber). 

Baoh papilla (Fig. 131 II and III) conaisle of a hemiefjierical elevation of the 
cntii, and ia covered either by a layer of normal ef.ideiniis or in seme very rarecatet 
the etddermii waa ilightly thickened. The papilla connsla of afinDconnealive-tiuae 
■troma, and ia from o'i-0'4 Dim. M height, o' 4-0-5 mm. bread (after hardening in 
aloohol). Hach glandi aa exist in the papilla uinally open laterally (fig. i.li HI), 
and the hlood-veuel> are nnuieroua. 

Bb2 
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The epidermifl covering the papilla is well Bupplied with nerve-fibres, derived tram. 
large ganglion-cells in the papilla (Fig. 232 III). The branched pigment-oelli, so 
numerous in the rest of the skin, are absent from the upper parts of the papillae 
(Fig. 332 II) ; the pigment-cells may cease either abruptly or gradually. 

The rose-colour of the papillae is due to the presence of a golden red pSgmeni. 
After the breeding season the papillae are gradually lost, and the pigment-oells 
wander into the unoccupied parts. 

Huber compares the arrangement of the nerves to that of the ' touch-spots * of 
Merkel. 

d. The glands of the skin are of two kinds^ serous and mucous ; 
they have been fully described by Engelmann and Openchowski. 

(i) The serous glands (Kurnerdriisen, Engelmann) are large, 
averaging in diameter 0*2-0*4 mm., but others vary in size from 
0*13-0*8 mm. in diameter. They are foimd chiefly on the dorsum 
of the trunk and arrauged in groups, which vary in dimensions 
from 3-20 mm. in length and 2-4 mm. in breadth. They may be 
found in any part between the ear-region and the anus, on the 
dorsal surface of the thigh, especially towards the outer and inner 
borders. They are found very sparsely distributed on the ventral 
surface of the trunk and on other parts of the extremities, though 
as a rule a few are found on the dorsal surface of the feet and near 
the phalanges. They are wanting in the nictitating membrane. 

The glands have a rounded form, with the ducts placed at their 
superficial poles. The glands possess three coats ; externally is a 
coat of connective-tissue, the fibres of which are arranged closely 
together, and cross one another at acute angles : these fibres are con- 
tinuous with the connective-tissue of the surrounding cutis. Inside 
this coat is a thick layer of muscle-fibre (0*005-0*015 mm.); the 
muscle-cells are arranged meridionally, with the one pole towards 
the superficial surface of the gland, the other pole at the deep surface 
(Hensche). Many of the fibres, however, extend only one-fourth or 
one-third of this distance. 

The innermost coat is a simple layer of epithelial cells, which 
rests directly on the muscle-layer ; no basement-membrane or space 
of any kind having been discovered between the two layers. When 
examined in the recent state these cells are conical or cylindrical in 
shape, and have the appearance of goblet-cells : they possess a 
delicate but distinct cell-wall, but are open towards the lumen of the 
gland. One or sometimes two rounded nuclei are found towards 
the base of the gland, and surrounded by a small amount of gran- 
ular protoplasm ; the rest of the cell is occupied by a mass of small, 
rounded, highly refractive granules of about o*oo2-0'Oi mm. in 
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diameter. These granules are also to be found in the protoplasm of 
the cell ; they contain a substance capable of swelling freely, and 
present many points of resemblance to the granules found in the 
cells of the oviducts. 

These gUnds represent the poison-glands or lateral glands of toads, and the ear- 
glands or parotids of Caecilia (Leydig). According to Leroux \ Gratiolet and Cloez', 
the reaction of these glands in toads varies ; according to da Bois-Reymond ' the 
reaction is, in frogs, acid ; Engelmann * foand the reaction of these glands, in frogs, 
to be neutral, frequently, however, with a tendency to either acidity or alkalinity. 

These glands correspond with the * large glands * of Hensche, the * contractile 
glands * of Stieda, the * large, dark glands * of Eberth, and the ' large contractile 
glands * of Leydig's earlier publications. 

(2) The mucous glands are, as a rule, smaller, more numerous, 
and more evenly distributed than the serous glands. Usually they 
lie in such close proximity as almost to touch one another ; according 
to Engelmann an average number of sixty is found in one square 
millimeter; on the abdomen 62-68 ; flexor surfaces of the posterior 
extremities in some places 76, but in others only 30-40 ; on the webs 
only 2-6 to the square millimeter. On the nictitating membrane 
they are arranged in two or three parallel rows, are large, and closely 
applied to each other. Thpy are wanting on the deeper surface of 
the nictitating membr^^ne. 

The glands are generally rounded i|i form and have a short neck 
(Fig. 229). Glands in the recent condition, and not fully con- 
tracted, have a diameter of 0'o6-0'2i mm., the majority measure 
o*i2-o*i6 mm. in diameter. The upper pole of the gland is usually 
placed directly under the boundary between epidermis and cutis, 
and, as a rule, about p*o6-o* i mm. beneath the superficial surface 
of the skin. The duct usually passes directly to the surface, in a 
straight line. 

The structure of the glands corresponds, in general, with that of 
the serous glands. Externally is a coat of connective-tissue, which 
is, however, more firmly attached to the muscular coat than in the 
case of the serous glands, and may easily be mistaken for a struc- 
tureless basement-membrane ^ (Eberth). The muscular coat is very, 
thin, and consists of 1 6-20 flat, spindle-shaped fibres ; extending 
from the upper to the lower pole as in the serous glands. At a 

* Journal de Medicine, Vol. XI, p. 75. 

' Comptes rendus, 185 1, Vol. XXXII, p. 582. 

^ Untersnchungen tiber thier. Electricitat, 1830, Vol. I, p. 17. 

* Arch. f. d. ge«. Physiol., 185a, Vol. V, p. 505. 

'^ Openchowski [f. c.) describes a basement-membrane. 
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short distance (ooi5-o-033 mm.) from the upper or sujterficial 
pole each fibre has an ellipsoid thiekeiiing, composed of granular 
protoplasm, and eontainiugr a clear oval nucleus. 

The inner coat ie composed of a single layer of epithelium, placed 
directly on the muscular coat. The epithelium has a thicknt'ss of 
about 0-0I-0-02 mm.; it is, howe\'er, usually thicker towards the 
hase than towards the duct. The boundaries between the cells are 
very indistinct, and so give the epithelium the appearance o£ a con- 
tinuous layer o£ protoplasm. The glandular epithelium 
directly continuous with the epithelium of the duct. 

The shape of the cells depends upon their physiological condi 
In a stat« of semi-contraction of the gland, the cells are enbical, i 
their free borders pushed into the lumen in a slight convexity ; 
when the gland is fully distended the cells are two or three times tm 
broad as deep ; in a fully contracted gland the cells are conical or 
cylindrical. In the first-mentioned condition their diameter varies 
from 0'Oo6-Q'oiH mm. The larger glands are estimated to possess 
about 150 cells, the smaller only thirty to forty (Engelmann). 

The cells appear to have no cell-wall, certainly they possess none 
im their free surfaces. Their protoplasm distends very freely t 
the addition of water. As a rule some cells are much more grut^ 
ular than others of the same gland ; each cell has a rounded o 
clear nucleus, and vacuoles are frequently met with. 

The lumen of the gland contains a colourless, transparent, ' 
fluid, which contains mucous material, 

The duets of the glands arc thick-walled cylinders, circular jj 

section. Their diameter varies from 002-0'05 mm., their length itf-Tt I 
equal to the depth of the superimposed epidermis. The wall of the 
duct is lined with two or three concentric layers of highly refrac- 
tive, nucleated celts. The cells are arranged parallel to the length 
of the duet : in transverse section they are sickle-shaped or semi- 
lunar. In the upper third or fourth of the duct the inner wall is 
lined with a cuticle, verj- resiatent to the action o£ acids or alkalies : 
it is thrown off with the skin in the process of casting. In tJie homy 
layer of the epidermis this cuticle is partially closed by a stonm- 
eell (Eberth), (Fig. 230}, which possesses a tri-radiat« opening. 

The gtanJs correepimd witli tbe ' non-contnctile glftndu' tif Uensche, llu ' dark 
■nd bright gl»iidi ' of Stiedft, Ihe ■ gUndule laaxaae, piccole e pioooliwaino (»d epilelio 
pavimentoBoJ ' of Ciiiccio, and the ' nnsll, dark, uul medinm-tixed, bright glknda ' 
Ebarth. 
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wdbe. The eapplemental toe presents, in the male, a rounded, oval 
ewelliiig (Fig. 334 I, D), with the end of the digit projecting from 
the distal end. 

Normally this swelling is usually of a F'g- '33- 

grey colour; during the breeding season, 
however, the swelling enlarges, and be- 
comes of a black or deep brown colour 
(Leydig). 

The epidermis covering this swelling 
(Fig. 233) is much thickened and produced 
into projecting papillae. The cutis also 
shows a marked thickening and an increase opicunnta of tha mppie- 
in vascularity; the gknds are of the kind ^; ^w's. sohij™ 
described as mucous glands (Engelmann). Mngotfied 4™ um* 
They present, however, an immense increase in size, and at the 
same time are so closely applied to one another as to form 

Fig. 334. 
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the main part of the enlargement (see also Oi^ns of Tactile 
Sensation). 

In the weba the varioun layers of the corinm are mon- or less 
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fused together, and cannot be distinguished from each other ; tiic 
g-lands are, as a rule, smaller than on the general eurfaoe of the 
skin. 

f. The blood-vesaela and lympbatica of the skin. 

(i) The blood- vessels of the skin arc arranged in two networks ; 
the one is eitiiatwl immediately beneath the epidermis, and conwrtf* 
of fine capillaries, forming a tine-moshe*! network, which enclose the 
ducts of the glands. The meshes vary considerably in size and 




id Ijmphatlaatlhrtliln. 
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shape (Hyrtl and Langcr). The second network of vessels ii 
ated under the cutis ; the vessels forming it are small, and 1 
meshes formed are large. From this network vertical bra 
pass to form the superficial network ; these branches usually o 
along the strands of vertical fibres already dewribed, and break I 
to form capillaries only when they reach the deeper siirface of I 
epidermis (Ijanger), (Fig. 335 I). 

In tome nUuafi'inn, however, the vertical branches divide earlq 
Hiis is especially the case in parts where the glands are very eloi 
[lacked, as in the nictitating membrane, the upper lip, antl j 
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swelling of the supplemental toe (in the male). In these parts the 
division takes place at the deeper surface of the glands (Langer). 

A peculiar arrangement of the cutaneous blood-vessels is found in 
the lamina inguinalis^ where a chain of reddish points can be made 
out with the naked eye ; examined more carefully (Fig. 235 III) 
each reddish point is found to be a complex loop of capillaries. 
They extend from the skin to the hinder lymph-hearts, where they 
form a close network which partially invests the lymph-hearts 
(Langer). 

(2) The lymphatics of the skin (sec also p. 252), like the 
arteries, reach the deeper surface of the epidermis by coursing along 
the bands of vertical fibres; they then form a network of capil- 
laries with rounded meshes (Fig. 235 I, II, IV ), and lying imme- 
diately under the epidermis, and a network which surrounds the 
various glands. The lymphatic-capillaries are as a rule larger than 
the blood-capillaries. The lymphatic network lies beneath the 
blood network, and the vessels of the two systems branch indepen- 
dently (Langer). 

In those parts where the glands are placed closely together this 
arrangement is modiJBed, and corresponds with the modifications 
found in the blood-capillaries in these regions. The vertical branches 
divide so as to form a network below the glands, and from this ver- 
tical branches pass in the same direction between the glands to form a 
secondary network on the superficial surface of the glands (Langer). 

g. The nerves of the skin. The cutis is very richly supplied 
with both medullated and non-medullated nerves. In the subcuta- 
neous tissue the nerves destined for the skin branch freely to form 
numerous fine twigs, which, without actually inosculating, form a 
fine mesh work. From the larger trunks numerous vertical branches 
pass vertically to form a secondary network, from which both coarse 
and very fine twigs pass to encircle the glands. The fine fibres which 
supply the glands are non-medullated and possess oval nuclei ; their 
diameter varies from 0'00i-0'002 mm. The number of nerve-fibres 
is not much smaller than that of the muscle-fibres (Engelmann). 
(See also Organs of Tactile Sensation.)] 

II. THE ORGANS OF TACTILE SENSATION. 

The organs of tactile sensation are the nerve-plexus of the epi- 
dermis, the touch-spots of Mcrkel, the lateral sense-organs, and the 
touch-corpuscles of the tendons. 
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a. [The nerre-plezuB of the epithelium is very incomplete a* 
compared with the plexus found in the epithelium of the eomea ; 
here and there a few non-medullated fibree have been traced a abort 
distance between the epithelial celle. No such mode of nerve- 
terminatione in the epithelium as is described by Eberth and Macul- 
lum in the tadpole can be found in the adult.] 

b. The touob-spota. What knowledge we possess of theee 
organs is due to the labours of Leydig, Ciaccio, Eberth, and more 
particularly those of Merkel. 

At the base of each papilla, which contains such a toucb-oi^an, 

is found a number of colourless, flattened cells, arranged either in a 

single layer, or heaped up and connected with very fine nerve-fibres. 

Fig. 336. 
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The flat surface of the cells is parallel to the sur^e of the body, 
and they do not form a separate or circumscribed body, they are 
therefore better spoken of as touch-spots than as true toncb-bodies 
(Merkel). The larger organs are found in the papillae, but smaller 
ones may be found on any part of the skin. 

These organs are best seen in the prominence or swelling upon the 
supplemental toe during the breeding season ; tbey are numerous 
on the dorsal surface of the trunk, but occur most frequently on 
the under surface of the hinder feet {Planla jiedit). After the 
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breeding season the organs of the thumb undergo a retrogressive 
change^ which results in a network of spindle-shaped and branched 
cells with fibres (Wiedersheim). 

o. The lateral senBe-organs attain their highest development in 
the tadpole ; in the adult the organs have undergone a retrogressive 
change, the result of which is that the organs are diminished in 
size ; the whole orgun sinks by the formation of a tube, which is 
then closed by a mucous secretion, consequently the organ is 
function less : with this loss in function and change in position of 
the organs a corresponding diminution of the ramus lateralis nervi 
vagi occurs (Merkel). 

Each lateral organ (Fig. 236 1) consists of a slightly elevated papilla, 
with the centre depressed, and in each may be distinguished a central 
and a peripheral zone {c,j)). The central zone consists of a group of 
pear-shaped cells, with the narrower ends directed towards the free 
surface ; each is connected below with a nerve-fibril, while above it 
bears a short, stiff cilium. The cilia are enclosed in a delicate 
hyaline tube (i?), which is open superficially, closed by the papilla 
below ; consequently the cilia are in direct contact with the sur- 
rounding medium. The peripheral zone is a layer of pale, flattened, 
cylindrical cells (/?) ; they possess, at their upper borders, a perforated 
membrana iimitam (3fl), through which the cilia pass. These 
cells serve as a support to the central cells, and are themselves 
surrounded by ordinary epithelial cells. 

The distribution and arrftngement of the lateral organs is alike in fish and larval 
amphibia. They are most namerous on the head, where they surronnd the eye, and 
are continued forwards to the snout and on to the lower jaw. All these organs on 
the head are in connection with the trigeminal nerve. A line of these organs passes 
from the hinder part of the circumference of the eye along the gill-cover to the neck, 
where the lines of opposite sides are usually, though not constantly, joined by a 
transverse line of the same organs ; thence the lines are continued along the trunk to 
the tip of the tail. In fish there exists, as a rule, only one pair of such longitudinal 
lines {Linea lateralU) ; in anura-larvae, pro tens, and in all salamanders there are 
three pairs : of these one pair lies near the vertebral column, the second at the 
junction of the flank with the abdomen, and the third corresponds to the lateral line 
in fish (Malbranc). 

At an early developmental period each metamere possesses one pair of such lateral 
organs ; in later life, however, this simple arrangement is lost, and each segment 
usually possesses a group of organs. 

The organs of the trunk and tail are supplied by branches of the Ramus lateralis 
nervi vagi. Both in fish and amphibia a reparative process, by means of fission, 
occurs ; as a consequence the organs are found in various stages of development. 

d. [The touoh-oorpusoles of Golgi and Lowe (Fig. 236 II) arc 
found on the joints of the digits. They are surrounded by con- 
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nective-tissue and are spindle-shaped ; the two ends of the spindle 
are glassy in appearance^ the middle portion is fibrous. In the 
thickest part of the corpuscle is a zone of nuclear bodies. 

They are regarded as touch-bodies (Golgi and Lowe). Golgi (/. e.) 
describes two kinds of touch-organs in connection with muscle and 
tendon ; one class correspond with those just described^ he names 
them ^nervous muscle-tendon organs.' The second class he com- 
pares with the touch-bodies found in the conjunctiva.] 



III. THE OEGANS OF TASTE. 

The organs of taste are not confined to the surface of the tongue, 
but are also found on the mucous membrane of the roof of the 
mouth, especially in the neighbourhood of the vomerine teeth ; on 
both roof and floor of the mouth these organs can be traced to the 
commencement of the oesophagus. 

[The mucous membrane of the tongue possesses two kinds of 
papillae and numerous glands. 

a. The filiform papillae are the more numerous ; they are conical 
or thread-like in form, and consist of connective-tissue, with a few 
striated muscle-fibres ; they include blood-capillaries, but no nerves 
have been traced into them (Leydig). They are covered with 
ciliated epithelium and goblet-cells. 

b. The ftmgiform papillae are much larger, and are paler than 
the filiform papillae. The free ends of these papillae are broader 
than the bases, and when the epithelium is removed the free ends 
present a concavity. From the base to the border of the free surface 
each papilla is covered with the usual oval, ciliated epithelium, 
but at this border an abrupt transition takes place. The 
epitheliiun covering the end of the papillae is of three kinds: 
goblet-cells, cylindrical cells, and forked cells ; the three forms of 
cells are quite characteristic, and no intermediate transitionary forms 
are met with. 

(i) The goblet-cells (Fig. 237 I) are arranged vertically to the 
free surface of the papilla; they are from o*020-0'024 mm. in 
length, and from o-oi-o*o2 mm. in diameter. In the lower third 
of the cell is found a nucleus of about o*oo8 mm. in diameter, and 
this encloses a nucleolus of about O'ooi mm. in diameter. Close 
underneath the nucleus the cell is eontractiHl to form an irregular 
process or f(K)t. The contents of the cells are a very finely granular. 
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transparent protoplasm. These cells form the outermost part of the 
epithelium, covering the end of the papilla; all the cells belonging 
to the same papilla are of the same eize. In consequence of the 
mutual pressure which they exert on ea^h other they present, in 
transverse section, six-sided outlines (Fig, 237, 2). The nuclei of 
adjacent cells are placed at almost exactly the same level. By the 

Kg- m- 
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action of reagents on these cells very remarkable forms are obtained, 
-in consequence of the protoplasm swelling and being forced up- 
wards (Fig. 237, 5). 

(a) The cylindrical oella (Fig. 237 I) have rounde<l free extre- 
mities, which reach to the general surface of the epithelium ; the 
remainder of the cell in cylindrical except towards it« lower ex- 



382 THE SKIN AND THE SENSE-ORGANS. 

tremity, where it is slightly dilated and encloses an oval nucleus : 
the protoplasm of the cells is very finely granular. These cells rest 
on the connective-tissue of the papiUa, and are in close juxtaposition^ 
so that several hundreds of them are found on one papilla. 

The spaces between the upper parts of the cylindrical cells are 
occupied by the goblet-cells and by the forked cells. 

(3) The third form of cell foimd on the fimgiform papillae are 
named forked cells (Fig. 237 I) by Engelmann. The body of the 
cells has an ellipsoidal form, is from 0*006-0x08 mm. in its longer 
diameter, and 0'003-o*oo4 mm. in the shorter diameter. Processes 
arise from both poles. The peripheral processes arise by a short 
common stem, which then divides into two or rarely three branches ; 
the whole process is from 0'004-o*oo8 mm. in length, and is always 
just sufficiently long to reach the general surface of the epithelium : 
when the peripheral process is long the central is usually shorter, 
and vice versa. 

The central processes arise by a stem from O'ooi-O'ooi mm. in 
thickness, which usually divides dichotomously. The length of this 
process may be as much as 0*025 ™^' ^^ almost nil. 

The forked cells are about twice as numerous as the goblet-cells, 
they occupy the spaces between the cylindrical cells and the goblet- 
cells. The branched central processes form a network on the 
connective-tissue of the papilla, which is, at this point, perforated 
by a rich plexus of fine non-medullat<?d nerve-iSbrils. It is not de- 
cided whether the processes of various cells inosculate. £ngelmaun 
regards these forked cells as the taste-cells and as the sensory 
nerve-endings. 

The bodies of the fungiform papillae contain blood-vessels and 
nerves, the latter enter as meduUated nerves, but lose the medulla 
somewhat abruptly towards the upper end of the papilla, where they 
form a sort of nerve-cushion (Nervenkissen, Engelmann).] 

Taste-organs are also found on the roof and other parts of the 
mouth, and present many points of resemblance to the lateral sense- 
organs. Like them they present a peripheral zone and a central 
zone; the cells of the latter, however, are not longer than the 
jieripheral cells, and possess no cilia (J. van der Iloeven, Merkel). 
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IV. THE NOSE. 

The anterior nares or nostrils are two small openings, placed di- 
rectly in front of the anterior angle of the eye ; the distance between 
the eye and the corresponding nostril being, in the case of adult 
animals^ about five or six millimeters. The anterior nares are sur- 
rounded by rims, which are contracted below, and so form very short, 
tentacular-like prominences. 

The posterior nares (choanae) are about four millimeters from 
the anterior nares, consequently the long axis of the nose is, approxi- 
mately, of this length. (For the external muscles of the nose, 
see p. 59.) 

The boundaries of the nasal cavities are as follows : — the roof of 
each cavity is formed by the dorsal plate of the sphenethmoid, the 
nasal bone, and the premaxillary bone ; the floor is formed by the 
vomer and the palatine bone, the inner wall by the vertical septum 
of the sphenethmoid, the outer wall by the premaxillary and max- 
illary bones, the anterior wall by the premaxillary bone, and the 
posterior wall by the sphenethmoid. The cartilaginous portion of 
the nasal skeleton (see also p. 27) projects into the general cavity 
and subdivides it into various sinuses, which have been the subject 
of careful investigation by Bom and Wiedersheim. 

a. The nasal cavities are best examined by means of serial trans- 
verse sections ; in a section through the anterior nares (Figs. 238, 
239) there will be seen three sinuses on either side : — 

(i) The superior sinus (on) is large, rounded, and placed against 
the cartilaginous septiun ; the sinus is lined with olfactory epithe- 
lium. Posteriorly the sinus extends beyond the posterior nares, and 
is bounded by the anterior surface of the sphenethmoid. In front it 
ends in a rounded concavity, likewise lined with olfactory mucous 
membrane. Opposite the anterior nares the cavity is partially sub- 
divided, by a longitudinal process on the floor, into two cavities ; 
the anterior nares open into the external chambers, and therefore 
not directly into the main cavity of the superior sinus. The supe- 
rior sinus communicates with the inferior sinus by a narrow, almost 
vertical, slit. 

(2) The inferior sinus (uu) is narrow and flattened from above 
downwards ; it is placed against the maxillary bone, and represents 
the maxillary sinus of the frog. Externally it possesses a de- 
scending arm. 

The inferior sinus is continued backwanls and opens on its 
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inner side into the posterior naree, or mther into the mouth. The 
descending ann extends only a short distance forwards, to terminate 
near the point where the superior and inferior einuaee communicate 
by only a narrow opening. This sinus is on the whole broader in 
front than behind, and has a general direction from without, in- ' 
wards and forwards underneath the superior sinus. 
Pig 238 
Ep <1 




(3) The lateral sinus («») is situated in the partition between the 
suj>erior and inferior sinuses, or rather between the external chamber 
of the upper sinus and the inferior sinus. The lateral sinus is tri- 
angular in form, being narrow in front and bn>ad behind; at its 
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inner posterior angle it opens on the free border of the horizontal 
partition between the superior and inferior sinuses ; this opening is, 
however, continued along its roof, so that the lateral sinus opens 
also into the superior sinus. 

b. The nasal cartilages. The two nasal cavities are completely 
separated by the cartilaginous septum (Figs. 238 and 239 S), and 
are for the most part lined by cartilage. The anterior end is 
formed of concave cartilages, while the posterior, being situated in 
the sphenethmoid, is usually more or less ossified in the adult. The 
posterior wall has two openings : a larger near the septum for the 
olfewjtory nerve, and a smaller, more externally, for the nasal branch 
of the trigeminal nerve. 

The anterior wall is more complex than the posterior, being 
thicker in the middle than at the sides, and possessing three blind 
sacs for the three sinuses. From the anterior wall two processes 
project backwards between the sacs and enclose them more or less 
completely. 

Of the three sacs or cavities only the lower is completely sur- 
rounded by cartilage. The upper sac is in part bounded by a shell- 
shaped, concave cartilage {Cancha nariutn, of various authors ; Otc 
laclirynuiley Bom), which covers it anteriorly and externally, and is 
attached by a small base to the roof of the lower sac (Fig. 239, /), 
its upper border bounding the anterior naris (Fig. 15). The up])er 
and external parts of the upper sac have no cartilage. The carti- 
lages of the outer wall of the lower, blind sac extend backwards to 
the point where the maxillary sinus commenced to descend : the 
roof, however, is prolonged further backwards by two small cartila- 
ginous processes ; the inner is short, the outer forms the roof of the 
descending arm of the sinus, and joins a cartilaginous process, which 
commences at the anterior portion of the roof of the nasal cavity, 
passes backwards and downwards to a broad plate, and forms an in- 
complete outer wall to the nasal cavity. There are also three carti- 
laginous processes — a. One arising from the outer side of the floor 
at the level of its junction with the anterior wall ; it is a flattened 
process and passes outwards, and bifurcates at its end to meet the 
premaxillary and maxillary bones (this is the Oberkieferfortsatz of 
Ecker), (p. 28, Fig. 14 n')), /3. A delicate process on either side, 
described by Wiedersheim (see p. 280). y. The third pair of pro- 
cesses are fully described for the first time by Bom ; each arises at 
the lower border of the corresponding Concha nariinriy passes forwanls 
and downwards under the ascending process of the premaxillary to 

c c 
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the point where process ^ is attached to this bone. The processes 
are flat and approach one another obliquely ; in older animals they 
are united at the point of contact. 

At the junction of the anterior wall, the septum, and the floor is 
a large aperture in the cartilaginous capsule, through which pasras 
the chief nasal branch of the tri^miniis, which supplies numerous 
branches to the intermaxillary gland. 

0. The glands of the nasal region are Bowman's glands, the in- 
termaxillary glande (Wiedersheim), the lower nasal gland (Bom), 
the upper nasal gland (Bom), the pharyngeal gland (Bom), and the 
lachrymal duct. 

(1) The intermaxiUarr gland 
(see p. 280). 

(2) The lower nasal gland is 
placed along the septum and ex- 
tends as far hack as the posterior 
iiares, opening by its ducts (Figs. 
238 and 239 ffti) into the inferior 
hhnd sac of the nasal cavity. In 
histological structure it corresponds 
with the intermaxillary glands, 
except that the glandular tubes 
arc somewhat smaller, and the 
glandular epithelium stains some- 
what less easily with carmine 
(Bom). 

(3) The upper nasal gland occu- 
pies the space between the Concha 
iiarii'm(Os/acirypia/e, Bom) and the 
neighbouring cartilages, it also sur- 
roimds the anterior naris and the 
opening of the lachrymal canal 
(Figs. 238 and 339 gut). The 
numerous ducts open on the mucous 
membrane covering the oblique car- 
tilage (above described, as passing 

from m front, downwards and backwards, and forming an incom- 
plete outer wall of the cavity), and its hinder prolongation. 

(4) The pharyngeal gland is placed transversely behind the pos- 
terior nares, and surrounds the vomerine t^eth. A portion of the 
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ducts open into the posterior nares, the remainder on the mucous 
membrane of the pharvngo-oral cavity at two symmetrically placed 
points (Fig. 238 R), 

(5) The lachrymal duct (see p. 428) opens into the nasal cavity 
at the point where the lateral sinus opens into the external chamber 
of the superior nasal sinus. 

(6) [The glands of Bowman (Fig. 240 I) are freely distri- 
buted in the nasal mucous membrane. Each gland is usually 
rounded or flask-shaped, and consists of a single layer of large epi- 
thelial cells possessing distinct nuclei and nucleoli. The epithelium 
of the glands possesses no basement membrane (M. Schultze and 
Hoffmann^), but is bounded externallv bv a laver of nerve-fibres 
and connective-tissue. 

The glands situated more sui)erficially have straight ducts open- 
ing on the surface ; those placed more deeply have usually curved 
ducts (Paschutin).] 

d. The mucous membrane of the nasal cavities. That part of 
the superior sinus immediately around the anterior naris is lined 
with stratified epithelium ; the rest of the nasal cavity is lined with 
columnar ciliated epitheliiun. The epithelial layer rests on a sub- 
epithelial network, and this again on a submucous connective- 
tissue layer possessing nvunerous vessels and nerves. 

(1) The epithelial layer (Fig. 241) consists of columnar cells, 
which in the olfactory region are of two kinds ; in other regions the 
epithelium consists of closely-applied ciliated, thick cells, possessing 
large oval nuclei, and having irregular, branched bases or ^feet.' 
The cells are o-032-o-048 mm. long; the nuclei o-oi6-o*oi8 mm. 
long, and o-oo6-o-oo8 mm. broad. The free borders of the cells 
bear a nimiber of fine cilia. 

In the olfactory region a second set of cells, olfactory cells, are met 
with ; these cells (Fig. 241 II) possess each an oval body, enclosing 
a large nucleus, and a peripheral and central process. The peripheral 
processes reach to the general surface of the surrounding epithelium 
and there terminate in a number (5-8) of stiff cilia ; these cilia are 
sometimes 009 mm. long, they are thicker at their bases than the 
ordinary cilia (Schultze) ; according to Hoffmann, a second system of 
stiffer and longer cilia is met with ; of which each olfactory cell 
possesses as a rule only one. The bodies of the olfactory cells are 
0'009-o*oio mm. long, and 0007-0008 mm. broad; the peripheral 

' Paiicbutin de^cribefl a basement membrane. 
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■ary considerably in length, according to the position ot 
the body (o"03-oo5 mm.). The central proceeees vary from o'oa- 
o-o^ mm. in length. The peripheral processes axe considerably 
thicker than the central processes. No membrana limitant olfactoria 
has been discovered in the frog. 

(2) The second layer coneists of a network of processes belong 
to the bases of the central processes of the superimposed epithelial 
and olfiictory cells. Numerous highly refractive nuclei possessing 
nucleoli are situated in the meshes of this network ; they correspond 
in all particulars with the nuclei of the 
i)tfactory cells (M. Schultze). According 
to Exner the branched processes of the 
epithelial cells and of the olfactory cells 
unite to form a complex plexus. Other 
obseners, Paschutin, Cissoff, v. Brunn, 
Schultze, and Hoffmann oppose this 
[■^ I M^ view, and bold that the central processes 

M 1 wlk iSM "^ ^^'^ olfaetoiy cells do not unite with 

the processes of the epithelial cells, but 
that they are in direct continuity with 
the fibrils of the olfactory nerve. This 
view is probably correct. 

The submucous layer lias a loose con- 
nective-tissue matriX) which encloses the 
glands, nerves, and vessels; according 
to Paschutin two pigment-layers may 
be distinguished : the one, immediately 
under the middle layer of this mucous 
membrane, is continuous and deeply pig- 
mented ; the second is deeper and does 
not form a continuous layer. This laya* 
iiinraii. inrtiiiirau^. Mi^7- 's extremely rich in blood-vessels and 
Hedjsotini* lymphatics (Langer and Paschutin). 

II. EirftbelUd «id olfactory «J1,, ■ *^ ^ ^ '' 

«>»,-iiiB«i6oDtiniH. K^^S- ^4<^ 11)- 1"*^ lymphatics are rela- 

iii, Ejiiiheiiij wih Mmo>ifleJ 600 tively very large and are very nimierous 
(Langcr). 
In this layer the central processes of the olfactory cells form 
bundles of fibres, Ij'ing parallel with the surface of the mucous mem- 
brane {Paschutin, Cissoff, and Schult/.e).] 







TUE EAR. 



3S9 



V. THE EAR. 

(Ite-written by the translator from Das Gehororgan der Wirl:elthiere, 

by G. Retziug, 1881.) 

The organ of hearing is divisible into two parts, the tympanum 
or middle ear, and the labyrinth or internal ear ; an external ear is 
absent, unless a very slight depression of the tympanic membrane 
be regarded as such. 

A. The tympanum (Cavum ti/mpani) is a cavity, bounded ex- 
ternally by the tympanic membrane and internally by the cajisule 
of the internal ear ; it communicates by means of the Eustachian 
tube (tuba Eustachii) with the pharyngo-oral cavity (Fig. 178). 

a. The tympanio membrane lies immediately underneath the 
skin, but can be separated from that structure; externally it 
possesses a very slight depression, the only Fig. 242. 

trace of an external ear foimd in the frog. 

The tympanic membrane is of a rounded 
oval form, being a little wider in the trans- 
verse than in the longitudinal diameter; the 
membrane is directed outwards. 

After detaching the skin (Fig. 242 I) the 
membrane is seen to be attached by its circum- 
ference to a ring of cartilage (Afinuhis fnem- 
branae tynipani ; see also p. 26) {at) ; the ring 
is attached anteriorly and above to the squa- 
mosal bone (sq), and in the rest of its circum- 
ference to the surrounding soft parts, 1. e, the 
M, depressor muxillae {(hn), the M, temporalis 
(t), and their fasciae. In the middle of the 
membrane is a small, rounded, white part (col) 
which can be traced backwards and upwards 
towards the circumference. 

The membrane consists of fibres of con- 
nective-tissue which radiate peripherally from 
the central point of attachment of the colu- 
mella; in the peripheral portion unstriated muscular fibres are 
also found (Leydig). 

Internally the tympanic membrane is covered by columnar ci)i- 




I. The tymiMuiicuieiubnuiti 
of Rana etcuUnIa \ 
natural size. After 
Retziiitf. 
II. The tjouiMinum as seen 
after removing the 
tympanic membrane ; 
natural Mze. After 
RetziuB. 

at Annuliis membrnniie 

tympani. 

col Columella. 

ct FiiMture-like cavity. 

dm M. depreiwor maxillae. 

mt Tympanic membrane. 

nq S({uam<jtial. 

/ M. tempuraliK. 
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thelium, a continuation of the mucous membrane lining the tympanic • 
cavity. 

b. The tympanic cavity (Fig. 242 II) is seen, after removing the 
tympanic membrane, as a flattened, funnel-shaped cavity. The 
walls of the cavity are lined with a pigmented mucous membrane, 
under which the cartilaginous ring [annulus viernhranae tympant) 
extends internally to form the greater part of the wall of the cavity. 
The cavity is an elongated oval slit (Fig. 242 II, d), with its longer 
axis directed from above and in front, downwards and backwards, 
and leading inwards ; it is bounded above, below, and in front by the 
squamosal, behind by the soft parts ; above in the roof is the cartila- 
ginous part of the columella. The inner or deeper portion of the 
tympanic cavity is bounded in front by the squamosal, and by the 
squamous process of the prootici [jrroc. squamosus prooiici) in front 
and above ; internally by the cartilage (primordial-cranium) between 
the prootic and the exoccipital ; behind by the J/, depressor maxillae. 
This part of the cavity is rounded and covered with mucous mem- 
brane, and has in its roof the bony part of the columella, which 
covers the foramen ovale {fenestra oralis) by its oval, widened end- 
piece. This deeper portion of the cavity communicates by a short, 
wide Eustachian tube with the pharyngo-oral cavity; the tube is 
wide and is of a rounded oval form in section : anteriorly, externally, 
and internally it is bounded by the pterygoids, ]x>steriorly by soft 
parts, in which is embedded the styloid process. 

The tympanic cavity can be examined from without after re- 
moving the tympanic membrane, or from below by means of the 
Eustachian tube. 

c. The columella auris (Figs. 12, 243) is described by Retzius 
as consisting of three portions, of whieli the middle is bony, the 
external and internal cartilaginous. Parker divides it into four 
parts (see pp. 25, 26). 

The extrastapedial (Fig. 243 a\ a') is attached to the middle of ' 
the tympanic membrane by the oval surface opposite a', and is 
attached by the process a^^' to the annul hs iympanicvs \ this process 
of Retzius is the suprastapedial of Parker. 

The mediostapedial (Parker), or middle bony piece of Retzius 
(Figs. 12 a\ 243 ^, i'), is narrow externally but widens internally 
to articulate with the interstapedial. Just before reaching the 
latter it gives off a process (1/), to which are attached a few fibres of 
striated muscle (///). 
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The interstapedial (Fig«. 12 a, 243 c) is cartilaginous; it is 
thick with a sharply cut-off, slightly concave end, which is placed 
against the feneafra oval in. The inner surface of the interstapedial 
is, however, distinctly 
larger than the opening 
of the fe?ieif/ra oralis , con- 
sequently it does not fit 
in accuratelv, but is at- 
tached to the border of 
the opening by means of 
connective - tissue ; the 
margins of the fenestra 
ovalis are hollowed (Fig. 
245 II) so as to form a 
fossa fenesfrae ovalis, and 
it is really to the margin 
of. this fossa that tlio 
connective-tissue capsule 
of the interstapedial is 
attached. 
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The uiilnuielbt ; after Hetsiiia. Magnified eight timet*. 

A. Seen from above. 

B. Seen from behind. 

Extrastai)edial (Parker). Outer cartilaginouB portion 
attached to middle of tym)mnic membrane (Retzina). 

Attachment of extrastaitedial to mediostapediaL 
' Supra0tai)ediai( Parker). Portion embedded in muoons 
membrane (Retziou). 

Mediotftapedial (Parker). Bony part (Retzius). 

Process of medioataiiedial. 

Interstapedial (Parker). Inner cartilaginous ineoe 
(Retziiis). 

Insertion of small muscle. 



B. The labyrinth or in- 
ternal ear is contained in a 
capsule formed of bone 
and cartilage. 

a. The capsule of the labyrinth (Fig. 244) is formed of two 
bones, the prootic and the exoccipital (according to Hasse this 
includes the opisthotic), which are united by cartilage belonging to 
the primordial-cranium. The fron to-parietal, squamosal, and para- 
sphenoid take only an indirect part in its formation. 

On the whole the anterior half^of the capsule is formed by the 
prootic, and the hinder half by tne exoccipital ; the cavity has its 
long axis dLceeted from within arid above, dor\vnwards and outward ; 
the cavity is comparatively large and rounded, and contains the 
membranous ear. 

Four surfaces can be distinguished :' a supero-extcnial, an interno- 
inferior, an anterior, and a posterior (Retzius). 

(i) The supero-external surface is divided into two parts by a 
strong, transverse, bony ridge, the processes squamosits proofici. 
The upper half is concave, is directed upwards and outwards, and 
is formed by the prootic ; it is separated from the anterior surf ac^e 
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by a bony ridge, which marks the |M)8ition ol the anterior semi- 
circular canal. Posteriorly and medianly it is separated from the 
posterior surface by a cartilaginous ridge, running from above, 
downwards and outwards, which marks the position of the posterior 
Fiir_ j_,4, semicircular canal. The cartilaginous 

hinder root of the procettiu sqvaiaotut 
proolici arises in the cartil^inous ridge 
just mentioned, and runs outwards and 
forwards, covering the external semi- 
circular canal. 

The lower half of the supero-extemal 
surface (under the jirocesans tquamotvt) 
An is irregularly concave; immediately 

*^™k""'tr'ri"hTwi"rinUi or "'i*!'-''' the _/woc. gqiiamotttt is a aballow 
Rn«n «™(™m ; iifter Rouiiw. En- groove lu the prootic ; it is eontinued 
ot" Aqna«iu"t'MBicia«MiB "" ^^ csoccipifal to the jugular fora- 

Hf. Ariiiaadartiui vetiibuU. mcu. The remaining part of this sur- 

rra. CiiDniia ruui uiMrioiiB uDictci. face cousists ot a roundcd cartilage, and 
'tr" r^l^uii^'iiiX"'''^ »™«irf- jg p^ft gf t]jg primordial-cranium ear- 
jir. FovuH Mccnii «t bkm™. tllage between the prootic and the 

kh. Curtiiixiioiu >ut"n> exoccipital; posteriorly it has a small 

pt. Pn^ii-f <'^"*' aperture, ^c foramen ovale {fenetlra 

>'■ P''™-i'h«n">'i vexiibulofc), which with the groove is 

covered by the coliiiiiella. Above the aperture the cartilage narrows 
and is continued to ihe proce»»m squamoaus. 

(2) The posterior sur&oe is directly continuous with the supero- 
cstcrnjtl surface, and is formed by the exoccipital. This surface lies 
behind the ridge formed by the posterior semicircular canal, it is 
concave, and has two small apertures, separated by a narrow, bony 
process, and situated near the jugular foramen ; these are the 
foramen rotiindum {fr.) and the aquaeiluclut cochleae {ae.). 

(3) The anterior Burfoce is altogether bony and formed by the 
prootic(^r.); the anterior surface of this part of the wall is continuous 
witli the surface of tlie cranium, and abuts on to the large tri- 
geminal foramen (f(.); below it is continuous with the under 
surface of tlie craniiim, below and estenially it articulates with the 
plei-jsoij. 

(4) The intemo-inferioF snrfaoe i(' as a whole hollowed in- 
ternally, tlie upper part being pushed in towards the cranial ca\-ity. 
It is formed by the pnKitic anfci'iorly, by the exoccipital j>08tcriorly, 
and is completed by the cartilage lying between these bones. In 
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the middle of the upper part of the cartilage is a small oval opening 
(av,), the ap, aquuedvctus vestibuli : about midway between this 
aperture and the jugular foramen is a second opening in the 
cartilage {era.), the opening of the canalis rami antenoris {vestibu^ 
laris) acustici : a little behind and above this is the opening of the 
canalis rami posterioris (cocA/eari^) acusfici, situated in the exocci- 
pital. The cartilage between the prootic and exoccipital in the 
lower half of the intemo-inferior surface rests on the parasphenoid. 

b. The position of the soft parts in the capsule. The large 
outer, rounded part of the cavity contains the saccule and cochlea 
(fovea sacculi et cochleae) [fie). Above, the cavity is more irregular, 
and contains the utricle and the sinus vtriculi superior. In 
front and externally, imbedded in a deep groove, are the anterior 
and external ampullae [fovea ampullae anferioris et amp, externae) ; 
to these are attached the corresponding semicircular canals. The 
anterior semicircular canal opens above and externally into the canal 
of the sinus utricuU superior \ the posterior passes into a groove for 
the posterior ampulla {fovea ampxiUae posterioris), and opens above 
and internally into the posterior semicircular canal. The external 
semicircular canal courees in the j)rocessus squamosus jjrootici, the 
posterior in the cartilage (Fig. 244 cp) between the prootic and 
exoccipital, and the anterior in the prootic. The upper and poste- 
rior part of the anterior semicircular canal is imbedded in cartilage, 
on which rests the parasphenoid. 

o. The perilymphatic space (Fig. 245 I and II. The mem- 
branous labyrinth does not occupy the whole space enclosed by the 
hard parts but is surrounded by the perilymphatic space, which 
contains the perilymph. The periosteum and ix?richondrium form 
the outer lining of the space, and are for the most part pigmented. 

The perilymphatic space is widest in the lower part of the organ, 
in the region of the fovea sacculi et cochleae^ especially externally 
and behind (/;e?/-); in front it is much narrower (per^), A little 
higher, in the region of the tegmentum va/iculosuw, the space is 
wanting, as the membranous labyrinth is here attached to th<.» 
periosteum. 

Around the utricle and saccule the space is comparatively wide ; 
it is continued into the bony canals and ampullae. In the semi- 
circular canals the space is wider on the concave side than on the 
convex side, the membranous canals being placed eccentrically, as 
are also the ampullae, though to a less extent. The periosteum and 



394 



THE SKIK AND TBE SBNSE-OEGANS. 



penchotidrium lining this cavity form a very delicate, pigmented 
membrane, formed o£ numerous fine elastic fibres wliicb cross each 
other irregularly ; its inner surface is lined with an incomplete 
layer of branched protoplasmic cells with lat^ oval nuclei. From 
Kg. »45. 
/ If 
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this membrane immerouii irregular bundles of fibreu, in the form of 
trabeeulae, pass into the space and form a rich network, which is 
attached internally to the outer surface of the membranous labyrinth 
and holds it in position. Free nucleated leucocytes are 04.-ca£ionally 
met with in the meshes of this network. The perilymphatic space 
is prolonjred into two subsidiary cavities : — 

(i) The ductus fenestra ovalis (Rctzius), (Fig. 245 tifo) com- 
mences as an opening {a'^f) immediately opposite the forameH ovale 
(if the hard capsule, which leads into a moderately large canal, the 
structure under consideration. It pas!ii-s forwards and outwardt> 
through Wtefenexira oralU between the interstapedial and the outer 
wall of the capsule into the oval depression [fotsafenettrae ovalit). 




and rapidly widens to form a short, flattened^ blind sao {sacewi 
fenettrae ocalu), which is lodged in the fossa {*fo). Its walls are 
thin and pigmented. 

(2) The ductus perilym- 
phatioQB (Hasse), (Fig. 24.5 
<ip) passes above and behind 
the dttctm fenestras ovnl'm^ be- 
hind the auditory nerve, and 
near the cochlea, then behind 
and above the lagena to the ^' - 
aquaeduHm rochleae (Fig. 244 
«c), where it forms a short, 
wide tube, which passes back- 
wards and inwards through ''"'''' ""/™'''"^°''^i?'^!{'';'1?*'""*"' 

, , " BfUr BoUraa. ^*ri[ili»S)»t., Obj. Ill, Oc. 3. 

this canal to the canalit jvgn- per, F«rii»i«uin. 

/am ; here it lies close to the ' f- u^eJ^?^"" '^""''" 

nerves and forms a short oval 

sac {mccit« jierilympiaficng) {<lji), which communicates with the sub- 
arachnoid space of the cranial cavity by means of a tube from the 
neck of the sae. The walls of this structure are thin and formed of 
connective-tissue with very few pigment-cells. The other extremity 
of the tube passes to the pnrg bn»ilaru and under the tinvgpost. utri., 
between it and the pars neglecfa ; it then courses to the out«r side 
of the hinder end of the external semicircidar canal : the tube 
then bends downwards to the outer side of the utricle and saccule to 
open into the general perilymphatic space. 

d. The membTBDOus labyrinth (Figs. 247, 148) has the fol- 
lowing parts ; the utricle and itiiiux miperior, the reee»su» nIneuU, 
the anterior semicircular canal and anterior ampulla, the external 
semicircular canal and external ampulla, the posterior semicircular 
canal and the posterior ampulla, the saccule, iluctiis endolgmpkatievit, 
and taccut endolymphaficmi, the pan iiegfecfa, the lagena cochleae, the 
part ieuilaru eoehkae, and the so-called kgmmtum vawulotum. 

In addition the following ner\'e- terminations can be distinguished : 
(l) The maetila ac. recestms u/riculi, (2) the three erislae acifstirae am- 
puUorum, (3) the macula ac. sacctili, (4) the macula ac. negleclii, (5) the 
papilla ac. lagevae cochleae, and (6) the papilla ac. hagilari* cochleae. 

The auditory nen-e divides immediately beyond its origin from 
the medulla oblongata to form a ramus anterior anA a ramus ponferior, 
which course alongside each other for a short distance, the latter 
lying behind and above the former. The It. anterior nins forwardu 
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and outwards under the utricle, giving off the R, saccuH, which runs^ 
downwards and outwards ; the E. rec. utriculi is then given off as 
a number of fibres, which run upwards and forwards; the main 
nerve then divides to form the i?. ampullae anteriaris and the B, am- 
pullae ewternae, which course together for a short distance and then 
separate to reach their respective ampullae. The R. posterior runs 
backwards and outwards, gives off the R. lagenae^ and then divides 
to form the R. neglectus, running upwards, the R, basilaris running 
downwards and backwards, and the R, ampullae posteriori^ which 
courses backwards and outwards. 

(i) The utricle {utricnlus) (Figs. 247 and 248 u) is irregularly 
cylindrical in form : commencing at the recessus ntricuU it passes 
forwards and outwards ; then backwards, inwards, and upwards, to 
terminate at the sinus posterior, where it is slightly contracted. At 
about its middle it is divided into an anterior and a posterior part by 
an incomplete, sickle-shaped partition, formed by the posterior 
semicircular canal opening obliquely into the utricle, and so 
causing a fold in the posterior wall : on the anterior wall there is 
no fold ; the aperture left in the partition is the apertura utriculi. 

The posterior part of the utricle receives the sinus s^uperior, which 
is formed by the junction of the two vertical semicircular canals. 
The anterior part of the utricle receives the hinder dilated end of 
the external semicircular canal by an opening in its posterior wall, 
close to the apertura utriculi. In the lower wall or floor is the 
narrow opening leading into the saccule (canalis utriculo-saccularis) : 
this opening is placed with its long axis parallel to the long 
axis of the utricle, with its broader end posterior, and the narrower 
end anterior. 

(2) The recessus utriculi (Figs. 247 and 248 rec). The anterior 
end of the utricle widens^ and curves downwards and outwards to 
form the recessus utriculi ; on its floor is a thin, kidney-shaped plate 
or otoliths, resting on the macula ac, recessus utriculi (wzw), which re- 
ceives the ramulus rec, utriculi-, under it the ramulus amp, anterioris 
and the ramulus amp, externae run forwards and close together to , 
reach their respective ampullae, which are close together at the 
antero-extemal wall of the recessus utriculi. The otolith is a glassy, 
homogeneous plate, with numerous vacuole-like spaces and striated 
borders ; it covers the whole of the macula, 

(3) The anterior ampiUla and semicircular canal (Figs. 247, 
248, aa, ca). The anterior ampulla is a rounded, oval vesicle, 
with a depressed roof (Fig. 250 I); on the floor is a transverse 



low septum, which beare the crigta acuttica (w) on its free border ; 
seen from above the cri»ta acutiica {Fig. 249 II, aa, cr) has concave 
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borders anteriorly and posteriorly ; the ends are broad, rounded, and 
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somewhat raised ; and in the middle it presents a small elevation 
(Fig. 249 cr). On the crista acnsfica rests the cuptila terminal^ 
(Fig. 250 I, cu) ; this is arched above but of the same form as the 
crista acustica below, from which it is separated by an even slit-like 
space ; the ends are not rounded but hollowed out. The substance 
of the cupula is very soft and has parallel striations, formed of fine 
fibres and running from above downwards ; it separates very easily 
from the crista arustica. The anterior ampulla is directed forwards, 
outwards, and slightly upwards, to open into the anterior semicir- 
cular canal (canalis m, anterior) {ca), which curves first upwards and 
forwards, then backwards, inwards, and upwards, to open by means 
of a slightly dilated end into the sinus superior utriciiU. 

(4) The external ampulla and semioiroular oanal (Figs. 247, 
248 ae^ ce). The external ampulla lies immediately external to the 
anterior ampulla ; it also is an oval vesicle, and corresponds with the 
anterior ampulla in size and shape, except that the roof is higher. 
The roof is directed backwards, the floor forwards ; the septum 
transversum is low, placed vertically, and bears a triangular, slightly 
depressed crista acustica : the broader, rounded end of the crista is 
directed upwards, the apex downwards. The corresponding cupula 
terminaUs is relatively high, and is of the same shape as the crista, 
and is striated. The external ampulla is continuous with the ex- 
ternal semicircular canal {catialis m, externus) {ce), which courses 
outwards and backwards ; then backwards, inwards, and slightly 
upwards, touches the roof of the posterior ampulla; then curves 
forwards and inwards to terminate by a slightly dilated end in the 
anterior part of the utriculus. 

(5) Tlie posterior ampiUla and semicircular oanal (Figs. 247, 
248, and 249 ap^ cp). The posterior ampulla commences at the 
posterior end of the sinus post, utriculi, and is directed outwards 
and backwards. It corresponds in all other points with the anterior 
ampulla. The posterior semicircular canal (ce) (cafialis m, post.), 
into which the ampulla opens, curves upwards, inwards, and for- 
waixls, to open into the upper end of the siujfs superior. 

(6) The saccule (s), ductus endolymphaticiis (de), and the 
saccus endolymphaticus (Figs. 247, 248, 249). The saccule (*) 
is an oval vesicle, placed under the anterior part of the utricle and 
directed outwards and downwards ; below it is flattened in a di- 
rection from in front and within, outw'ards and backwanls ; above 
it is wider. In the inner and anterior surface is the rounded, oval 
macula acustica sacculi (Figs. 247 and 248 ms), to which is distri- 
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buted the S. saccuH (r») from above ; a large otolith rests on the 
macula and occupies a large portion of the cavity, more especially 
the lower portion. The tubular ductiit ewhlymphaticus (de) ariees 
hf a narrow oval opening placed in the upper and inner part of the 

Fig. 249. 




nip. Ductui ]>9Ttl>in] 

wall, runs upwards and to the angle between the utricle and the 
»inv» titperior, continues in the same direction for a short space, and 
then curves inwards to pierce the aperlura aqtiaetlvcfvs ve»(ibvU, and 
so reach the cranial cavity. It then forms a large, thin-walled sac 
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(sacciis endolymphaticiis)y placed between the brain and cranium. 
The sac is very vascular and contains crystalline otoliths. 

(7) The pars neglecta (Figs. 247, 248, 249) was described by 
Hasse as the ^first part of the cochlea^ (^ Anfangstheil der Schnecke'), 
but according to Retzius it does not belong to the cochlea. It is 
placed above and in front of the pars lasilaris cochleaey above and a 
little behind the lagena cochleae, therefore above the upper and pos- 
terior part of the saccule, and under the middle part of the utricle. 
It is really a prolongation of the saccide, with which it communi- 
cates by an elongated oval opening placed externally and immedi- 
ately below the opening of the canalis ntriculo-saccularh. It is an 
oval vesicle, A^'ith its roof intimately united with the lower wall of 
the utricle; anteriorly it is broad, posteriorly narrowed. The 
macvla acusilca neglecta is attached to the roof of the vesicle and 
consists of an anterior heart-shaped and a posterior semilimar 
l)ortion united by a narrow connecting piece (Fig. 250 III and VII). 
The raviulus 7ieglecfu8 divides into two branches, which supply the 
two parts of the inacula. On the macula aeusfica neglec(-a rests the 
memhrana fecioiia (Deiters) ; the membrane is S-shaped, with the 
anterior end narrow, the posterior broad (Fig. 250 VII); the borders of 
the membrane are pierced by numerous small round holes, the central 
part has smaller and fewer i)erf orations, and is finely striat-ed. 
From the middle of the posterior part of the upper surf ace a thicker 
portion projects downwards into the cavity of the pars neglecta ; it 
has a narrow, deep notch for the nerve at about its middle ; ante- 
riorly it points towards a sickle-shaped piece, which is curved in- 
wards. Canals nm obliquely downwards and inwards from the 
apertures on the superior surface. The membrane is clear, homo- 
geneous, partly finely striated, and corresponds with the menihrana 
iectoria of the pars basilaris^ etc. 

(8) The lagena cochleae (Figs. 247, 248, and 249 l) is an oval 
swelling of the membranous labyrinth ; it lies close to the sacculus 
with its broader end forAvards, the narrower directed backwards. 
By a large rounded opening at the posterior end it communicates 
with the saccule by means of a rounded space common to the lagena 
cochleae and the cochlea. The papilla aciistica lagenae (pi) is situated 
in the posterior wall of the lagena ; it is elongated, oval, and supplied 
by the ram, lagenae. The papilla is covered by a plate-like otolith 
formed of numerous rounded particles. 

(9) The pars basilaris cochleae (Figs. 247, 248, and 249 p6) is 
placed on the posterior thickened wall of the saccule and lies above 



and behind the lagena. It forms a email, oval, pocket-like protu- 
berance, with the lon^ axis directed from in front and above, back- 
wardB and outwards, its opening being directed forwards and 
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of a small portion, the metnbrana batilarit (Hasse) {m(i), which cidaee 
the opening into a small dilatation on the anterior inner wall. The 
ramulnt batilarit (ri) divides into, at least, two branches, and passes 
close to the memlrana imilarit {tab), where the elongated and 
oval papilla ac. dasi/arit {Y^g. 250 ppi) is placed. The papU/a 
is covered by a membrana tectoria (Fig, 350 ml), which is often 
found separated from the papilla, probably by the action of the 
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reagents used. The form of this membrane is peculiar but will 
easily be understood from the figure (Fig. 250 mi). Id structure 
it is similar to the corresponding structures found in other parts 
of the ear. 

(10} The tegmentum vasculoaum (Deiters) (Figs. 3451 24R,and 
350 tv) is ail oval, uhell-shaped dilatation of the membranous laby- 
rinth ; its long axis is directed from above and in front, downwards 
and backwards. The walls of the UgmentHui are thin and inti- 
mately attached to the periosteum. 

e. The minute structure of the membranous labyrinth (Figs. 
«5'» *.5J)- 
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(i) The walls of the membranous labyrinth have the same 
general structure throughout : the walls are usually thicker at 
the nerve terminations^ in the ampullae, semicircular canals, pan 
neglectUy and especially the pars basiiaris ; the wall of the iegnientum 
iympani are the thinnest. The walls are transparent, homogeneous, 
refractive, and, at places, show a faint striation, which is, as a rule, 
not due to the presence of fibres ; in parts of the recessns ittricnll, 
and in the outer wall of the saccule, especially near the tegmentum 
vascuiosumy more or less distinct fibres can be made out. Sections 
of the wall show spindle-shaped cells, with the processes usually 
arranged parallel to the surfaces ; seen from the surface, the cells 
are seen to branch in all directions (Fig. 251 I, II). In the 
thinner parts of the walls the cells are few or altogether absent. 
The outer surface of the membranous labyrinth is uneven, in conse- 
quence of the attachment of the perilymphatic network. Blood- 
vessels are also attached to the outer surface, and pierce the wall, 
especially near the nerve-terminations. 

The whole of the inner surface is lined with a layer of polygonal, 
tesselated epithelium-cells. The size and height of the epithelium 
varies in different parts. On the outer wall of the saccule the cells 
are large, but on the inner wall small ; they are also large in the 
semicircular canals, except on a small raphe on the inner and outer 
side, where they are smaller but higher (Fig. 251 re); in the am- 
pullae the cells are large, except on the roof. In the utricle and 
sinus superior they are also moderately large. In addition to the places 
mentioned, a smaller epithelium is found on the floors of the am- 
pullae, in the recessus ntriculi, and near all the nerve-terminations 
and on the sides of the ampullar septa. Surrounding the nerve- 
terminations of the macula rec, ntricvli, macula sacculi, and papilla 
lagenae are fo\md narrow, branched, yellowish cells (Fig. 251 pe) 
w^ith spindle-shaped nuclei. Cells of a third kind, first described 
by Deiters, Hasse, and Kuhn, in the tegmentum vasculosuw, and in 
the ampullae by Hasse and Kuhn, are also found in the utricle. 
They contain a yellowish pigment, and are collected into two 
sharply differentiated groups in each ampulla (Hasse has one placed 
before and one behind the septum on the floor). The cells are 
cylindrical, the upper parts striated, the lower narrower, and the 
bases again widened to a polygonal, more homogeneous plate, 
which is fixed to the wall. On the tegmentum vasculosum the corre- 
sponding cells are not so high. 

(2) The nepve-terminations. The larger branches of the auditory 

1) d 2 
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nerve contain medullated fibres of various dimeneione and bipolar, 
spindle-shaped ganglion-cells. The nerves pierce the walls oblii^uely 
or vertically, and retain tbeir medullary sheaths until near their 
final distribution. On each of the nerve-terminations is found 
nerve-epithelium, which varies in height in different parts. In the 
crista acu»iica it measures 0*075 i^un. in height in the middle part, 
0'o6 mm. at the sides; on the macula ree. utrieuli 0*09 mm., on the 
macula tacculi 0-075 mm-, on the papilla lagetiae o"o6 mm., on the 
papilla part. ba»il, 0045 nun., on the macula neglecta 0'075 mm. 
The epithelium is of two kinds, hair-cells and sustentacular cells. 
Fig. J51. 




1. VenJcalHctionUiningh thscrirtatciutlc 
OC3. 
II. Vntlnl ■nqtlou through tha UKcali sc m 
111. Thno iBDlftMd h&ir.ccll« rrom thv ciifta ac 



a. The hair-cells (Fig. 353 h:) have, on the whole, elongated, 
flask-like forms, but are not all of the same length (o-024-oo4 mm.). 
The free ends of the cells are rounded, flattened, and yellowish, and 
each bears a stiff cilium, which is fixed by a broad base tojthe cell, 
and thing out towards its free end : the cilia vary in length ; in the 
ampullae their greatest length is o'l^ mm., on the macala ree. 
utricitli o'Oii mm., and on the /tapilla lagenae O'OI? mm. The 
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cells are granular^ possess rounded oval nuclei, and are fixed by a 
fine, narrow process (Fig. 252 Az), though they usually seem to be 
rounded off without possessing a process. 

p. The sustentacular cells. Under the hair-cells is a finely 
granular substance, possessing numerous rounded oval nuclei, which 
are placed in superimposed rows (Fig. 25 a fz), the deepest row 
being placed close together and immediately on the membranous 
wall. After proper treatment and isolation these nuclei are seen to 
belong to narrow, elongated cells, which rest by a slightly widened 
base on the wall, and are continued upwards between the hair-cells 
to reach the surface of the epithelium, where their upper processes 
are again slightly widened. 

y. The nerve-fibres (Fig. 252 71) lose their medullary coats, ascend 
towards the epithelium, and frequently divide to fonn two unequal 
branches, which ascend to the level of the hair^cells, and curve so as 
to course horizontally as extremely fine varicose fibrillae ; these fre- 
quently form a network, of which the exact method of termination 
has not been made out. In some cases a fine fibril may be traced 
to the base of a hair-cell, but a direct continuQ.tion of the oixe into 
the other has not yet been traced. 



VI. THE EYE. 

(Re^wri^ten by the translator.) 

The organ of sight, the eyeball (bulbus oculi\ together with its 
appendages {tutamina oculi), will be described in this chapter. 

A. The Eye is flattened on the outer surface, more convex on the 
inner or deeper surface. Its principal axis is directed from behind, 
forwards and outwards. 

The outer transparent portion of the eyeball is the cornea, which 
forms the outer boundary of the anterior chamber. Th^ larger, white, 
opaque, and inner portion is the sclerotic coat, which, together with 
two deeper tunics, the choroid coat and the retina, enclose the posterior 
chamber of the eye. The pigmented ring placed behind the cornea 
is the iris, and the aperture it encloses the pupil. The lens is placed 
immediately behind the iris. On the inner side the optic nerve 
pierces the sclerotic to enter the eyeball. 

a. The pglerQtio coi^t (sclerotica s. sclera) forms about three- 
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fourths of the surface of the eyeball ; posteriorly it is pierced by the 
optic nerve at a point (/jorut opticus) nearer the temporal side than the 
nasal. The sclerotic coat consists of fibrous tissue externally, with a 
layer of hyaline cartil^e internally (Helfreich). The fibrous layer 
Fig- 'S3- '^ fonped of bundles of parallel fibres, which cross 

ea:Ch other, chiefly at right angles (Hoffmann). 
The cartilaginous layer ends just behind the line 
I of insertion of the extrinsic muBcle of the eye, 
and is thickest at the point of entrance of the 
optic nerve (Helfreich). 

The sclerotic coat is rich in nerve-fibres, which 
innM^iurfaoT" thB form & cloBC nctwork ; the fibres, however, do 
MiewUc owt ; iji« jjqJ unit* but form the meahes of the network 
by simply crossing each at acute angles. 
The deeper surface of the sclerotic coat is lined with a layer of 
large endothelial cells (HofFmann), (Pig. 25^), which form the 
outer wall of the capsule of Tenon. 

b. The cornea and the anterior chamber. The cornea forms 
about one-fourth of the surface of the eyeball and is directly con- 
tinuous with the sclerotic. In it five layers can be distinguished : 
a layer of stratified epithelium or conjunctiva, an anterior hyaline 
membrane, the true corneal substance, a posterior hyaline membrane, 
and a layer of endothelium. 

(i) The corneal epithelium is a layer of stratified e])ithelium 
covering the superficial Rurface of the cornea. The BU]Jerficial 
layer forms a beautiful mosaic of polygonal cella; the middle 
layers are polygonal in all sections, while the deepest layer is more 
or less columnar. Except in the most superficial layer, all the cells 
have serrated surfaces. Smaller cells possessing each two nuclei 
are also found between the columnar cells, and are evidently cells in 
process of division ; according to Waldeyer, cell-proliferation may 
also take [dace in the middle layers. 

The basal or deeper portions of the columnar cells possess a clear 
border, which reminds one of the hyaline border found on the free 
border of columnar epithelium in other parts. The cells are here so 
closely applied to one another that these borders have the appearance 
of a continuous, highly refracting membrane (Rollett); according 
to Henle, the border consists of a network of very fine processes from 
the cells above. 

(2) The true corneal substance, and {^) the anterior hya- 
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line membraiie. The corneal substance consists of flat bundles 
of fibres arranged in laminae, with cement- substance aud connec- 
tive-tissue corpuscles interposed. The fibrils are extremely fine 
(o'oooi mm., Engelmann), and bound together into bundles by 
cement-substance. The bundles of the laminae are arranged at 
various angles, though many are placed at right angles to each 
other (Waldeyer). 

Between the laminae are flattened spaces, which seen in section 
are spindle-shaped. By proper treatment they are seen to be irreg- 
ular, branched spaces, 
which communicate 
by fine canals and 
form part of the Reck- 
linghausen-canals or 
lymph-system. These 
spaces contain branch- 
ed, connective-tissue 
corpuscles (Toynbee), 
and a colourless fluid. 
The corpuscles (Pig. 
254 e) do not fill the 
spaces which they 
occupy. They possess 
large nuclei, sur- 
rounded by granular 
protoplasm. 

. CDinni nqmiciM. The canalsby which 

these spaces communicate (' Saftcanalchen ' of Recklinghausen) lie, 
in general, parallel to the surfaces of the cornea, and communi- 
cate by joining at acute angles or by short transverse branches. 
According to Lavdowsky, these canals have a distinct lining 
membrane. 

The anterior hyaline ' layer {Bowman's or Reichert'a lamella) is 
not so well seen in the frog as in some higher animals ; it is simply 
a portion of the corneal substance, of somewhat denser structure 
than the rest, into which it passes by a gradual transition. 

(4) The posterior hyaline membrane (Descemet's membrane) 

is a highly elastic, very transparent layer, placed behind the 

true corneal substance ; in the frog some few bundles of fibres 

' T»muucheff knd Schveigger-Seidel consider the Rnterior and potterior hyaline 

membrsnes to be composed of fine fibril*. 
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belonging to the true corneal substaiice appear to pass into Aa 
postermr hyaline layer, althouf^h they cannot be traced further 
through its substanLt: The structure of the membrane is, in con- 
sequence of ita transpartni V, unknown, though the alrove ob- 
servation seems to point 1 1 a fibrillar origin. 

(5) The corneal endothelium is a single layer of polygonal 
cells of o 02 mm dwmeter The cells possess the power of altering 
their shape when stimulated 
(Klebs). 

(6) The nerves of the 
cornea are derived from the 
ratiiuB ojtidlialmien trigemtHi; 
they pierce the sclerotic 
coat in front of the scle- 
rotic cartilage and then 
I'ourse towards the cornea, 
at the margin of which they 
form a coarse network of 
nieduUated fibres. From 
this about thirty nerves pass 
" towards the cornea, which 
they enter, and then very 
quickly lose the main part 
of their medullary sheaths, 
d Pi=rv«<rt.n« fourth <.Td«r. According to Wolff, a por- 

tion of the nerves retain their medullary sheaths, or in some cases 
appear to regain it after having lost it. 

The nerves passing from the plesus {nerves of the first order, 
Klein) give off smaller branches, which for a short distance have a 
serpentine or rectilinear course. By a few anastomoses they form 
a loose plexus (nerves of the second order, Klein). After a longer 
or shorter course they give off numerous lateral fibres, or termi- 
nate in several such fibres arising at one point {nerves of the 
third order, Klein), These arc distinguished by their size, %'arying 
only within smalt limits, and by the possession of more or less 
ri^larly placed varicosities; the clearer portions are longitu- 
dinally striated as though made up of fihrillae ; they have a 
nearly rectilinear course, and, after a longer or shorter courae, 
turn into a direction wjiich is at right angles to the former 
one; lastly, they remain for long distances unbranched. These 
nerves ore connected one with another by cross fibres running- at 
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right angles to them^ and in this way a rectangular trellis-work is 
formed. 

The fihrils (nerves of the fourth order) given ofE by these nerves 
form networks around the connective-tissue corpuscles, but no 
direct connection between nerve and corpuscle has been traced; 
they always appear to lie on that surface of the corneal corpuscle 
which is directed towards the superficial surface of the cornea 
(Klein). In the endothelium covering the membrane of Descemet 
these fibrils can be traced coursing along the margins of the cells 
(Fig. 255 d)j and sometimes undergoing dichotomous division 
(Klein). 

Almost all observers have described these fibrils as possessing 
varicosities ; Hulke, and more recently Wolf, however, deny their 
presence. Lavdowsky traces nerve-fibrils to the nuclei of the 
connective-tissue corpuscles. 

(7) The anterior chamber is the space between the cornea and 
the iris, and is filled with a watery fluid, the aqueous humour. At 
the circumference of the chamber are a number of spaces (spaces of 
Fontana), formed by interruptions in the tissue between the poste- 
rior surface of the cornea and the iris ; the result is that bands or 
trabeculae (ligamentum pectinatum iridis) pass from the one structure 
to the other, and between these are the spaces of Fontana. 

According to Angelucci these trabeculae are of three kinds : 
trabecidae passing from the cornea to the iris, formed of con- 
nective-tissue ; trabecidae from the cornea to the ciliary processes, 
which contain elastic tissue; trabecidae from the interstitial con- 
nective-tissue of the ciliary muscle to the cornea, and formed 
almost entirely of elastic tissue. 

At the junction of the cornea and sclerotic, and just in front of the 
spaces of Fontana, is a larger and similar space, which may be traced 
round the whole circumference of the cornea; this, the canal of 
Schlemm (Sinus circularis iridis)^ is held to be a venous plexus by 
some observers (Angelucci, and others), according to others it is a 
lymphatic space in connection with the anterior chamber (Schwalbe, 
and others). It is certain that the vessels can be very easily in- 
jected from the anterior chamber, although a direct communication 
has not yet been seen. 

0. The choroid ooat and the iris {tunica choroidea et iris, tunica 
vasculcsa), 

1. The ohprpid poat lines the (leeper surface of the sclerotic 
coat, but i^ also prolopged under the cornea to form the iris. 
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The choroid is firmly attached to the sclerotic in two positions, at 
the point of entrance of the optic nerve, and at the line of junction 
of the sclerotic and the cornea. Its external surface is closely 
applied to the deeper surface of the sclerotic, from which it is only 
separated hy a very narrow serous cavity (supra-choroidal space), 
and to which it is attached by numerous vessels and nerves. The 
deep surface of the choroid is covered by the retina, to which it 
is closely attached, except at the ora serrata, the attachment being 
especially intimate at the processus cUiares, 

The choroid coat consists of a fibrous layer containing corpuscles 
and traversed by a very rich vascular anastomosis. The corpuscles 
of this layer are deeply pigmented, in some cases to such an extent 
that the oval nucleus cannot be seen ; the fibrous tissue is also pig- 
mented, and has consequently a brownish tinge. That portion of 
the layer immediately below the sclerotic is termed the lamina fusca 
or supracAoroidea, the vessels on the deeper surface forming the 
membrana choriocapillaris. This again is lined on its deeper surface 
by a hyaline membrane. 

a. The arteries (Fig. 256 VI, VII, VIII) supplying this coat 
are two branches of the arteria ophthalmi^ca ; these form a capil- 
lary network (Fig. 256 VII) resembling the corresponding struc- 
ture found in mammals. The meshes have approximately the 
same size, while the capillaries themselves vary considerably in size. 
This network is, however, only complete on the nasal, temporal. 
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The veMelB oi the choroid and iris ; after Hans Virchow. 

I. The two root* of the V. balbi superior. Magnified to timee. 

11. Venel8 of the iris. Magnified 9 times. 

III. Origin of the rentral vein. 

IV. Schema of the choroid veMels ; seen from the proximal poie. 
V. TranaveTBe section through the choroid at the equator. 

VI. The origin of the choroid arteries from the ophthalmic artery. Tlie greater part of the 
sclerotic has been removed. Left eye twice natural size. A. From the proximal pole. 
B. From the temporal side. 
VII. Part of a choroidal artery attached to the choriocapillaris. Magnified xo times. 
VIII. A portion of the choriocapillaris, more highly magnified. 
IX. The V. ophthalmioa and V. biilbi superior on the sclerotic of the right eye. A. Seen from 
proximal pole. B. Seen from above. Twice natural size. 

A Art. ophthalmica. R Branches of the clrcnlus iridis miyor. 

A' Art. choroidea. Rd Distal root of vein of under surface of eye. 

An R. nasalis of the ophthalmic artery. R^ Distal root of nasal vein. 

Ai R. temporalb of the ophthalmic artery. Rd'* Proximal root of nasal vein. 

ch Area of membrana choriocapillaris. Rj/ Nasal root of ventral vein. 

Le Outer pigmented layer of choroid. Rj/* Temporal root of ventral vein. 

Li Inner pigmented layer of choroid. Vh» V. bulbi superior. 

N Optic nerve. Vh V. hyaloidea. 

r Vaaa recta. Vo V. ophthalmioa. 

r* Transitional uart between choriocapillaris Vp, Proximal root of vein of under surface of 

and ventral whorl. eye. 

r'' Transitional part between choriocapillaris Vg' Nasal root of V. bulbi superior. 

and upper whorl. V^ Temporal root of V. bulbi superior. 
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and prosimal part of the upper s\irfaces. Towards the 
ciliare the meshes become wider and elongated ; the capillaries tl 
imit« at acute angles parallel with the longitudinal axis of 
eye. The network (ehoriocapillaris) exists in a simple layer with^ 
the two arteries which form it, and superficial to the veins { Virchow);; 

3. The veins of the choroid (l-Sg. 256 III, IV, IX) are (i) a vein 
which uuites at the lowest point of the equator of the eye with the 
V. igaloidea to form (2) the V. opjitlialmka, two small branches of the 
r. hvihi sujierior, which unite outside the sclerotic, and (3J the v 
recta. 

(i) The larger vein arises from the greater part of the lUM 
surface of the eye ; it gives off branches to ea«h side, which radiate 
form a ' whorl ' or star-shaped capillary anastomosis {Vig, 256 11 
tJie two halves of which have no connection. A proximal and 
distal root can be distinguished in the anastomosis ; the distal liw 
towards the corpu* ei/iare, and oct^lpies csatrtly one-fourth of the 
circumference of the choroid at its junction w^th the corpus dfiare. 

(2) The two branches of the T. lia/.&i anperior lie alongsidi 
corpus ciliare on the upper surface, and each occupies one-foui 
of the circumference ; they form a similar though simpler fi) 
(Fig. 356 I) to the foregoing, each forming one half. 

(3) The rasa recta arc numerous parallel vessels which arise in the 
iris, and coursing centrally empty themselves into the branches of 
the V. biiUA tuperior on the superior surface, and into the branchi 
of the venous capillaries on the inferior surface. 

a. The iris is covered anteriorly by a layer o£ endothelii 
continuous with that covering the posterior surface of the coi 
and of similar character. The border of the pupil {margo pupillarit) 
is of a golden colour, outside this bright ring to its outer msi 
[wiarffo eiliarin) the iris is black ; the golden colour is due to 
presence of cells containing a pale yellow pigment ; the nuclei 
these cells are round and gmnular; the cells themselves hai 
rounded outlines (Hoffmann). The black portion of the iris 
tains more irregular, spindle-shaped cells, with round nuclei, w 
are hidden by a dense mass of pigment-granules (Iwanoft 
Hoffmann). 

The true substance of the iris consists of muscle, nerves, blood' 
vessels, and a connective-tissue stroma, but on the posterior surface 
is another layer of black, pigmented cells, and this is again eov 
with a hyaline membrane, in which, however, a fibrous strucl 
may be made out (Koganei). 
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The muscle-fibres are long, spindle-eells, which are abruptly 
swollen in the middle, where the nuclei are situated ; the nucleus is 
oval, o*oo9-0'OOi2 mm. in length, 0*0025 ^'^^ hroad, and occupies 
nearly the whole of the swollen part of the cell (Hoffmann, 
Griinhagen). 

According to Koganei the iris possesses a if, constrictor iridis (/. c. 
Berlin Sitzungsber.), but no M. dilatator iridis ; in a former publica- 
tion (I. c. Arch. mik. Anat.) he was unable to find any muscular 
fibre, and holds the muscle-fibres of Grunhagen to be connective- 
tissue elements. 

The stroma consists of delicate connective-tissue fibrils, enclosing 
a very large number of pigmented, branched cells. 

a. The arteries of the iris (Fig. 256 II) arise from an arch (see 
Vessels of Eye) formed by the A, ophthalmica in the corpus dliare. 
It commences between the ventral and temporal surfaces by two 
branches ; one courses, along the temporal border, the other along 
the nasal, to meet each other on the nasal .surface ; the former 
courses through one-third, the latter embraces two-thirds of the 
circumference at the iris. 

The temporal artery courses along the ciliary border during the 
first third of its course, it then gradually approaches the border of 
the pupil ; the nasal artery runs at once towards the pupil. On 
the nasal border of the pupil they anastomose by their branches, 
and so form a circulus iridis major. 

Except near their termination, no small vessels arise from this 
arterial circle ; in Fig. 256 II, for example, only five larger branches 
are given off, three from the temporal side and two from the nasal. 
The five large branches run towards the circumferential border of 
the iris and break up into numerous vessels, which form a very 
irregular and open network. From this network arise the vasa 
recta already described. 

d. The lens is almost spherical, and is composed of cellular ele- 
ments enclosed in a capsule (capsiUa lentis). 

The capsule is a homogeneous, transparent, structureless, and 
highly elastic membrane. The deeper surface of the anterior cap- 
sule is lined with a simple layer of regular nucleated six-sided 
epithelial cells. 

The lens itself consists of long, flat fibres ; seen from the sur&ce 
these are broad, narrow edge-wise, and in section six-sided prisms. 
Those lying parallel to the anterior and posterior surfaces are 
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broad and thicker, those towards the Imrder are narrower. These 
eella are striatt'd, bolh loiigitudiually and transversely (Arnold), 
The cells near the margin, however, have no transverse striation 
(Hoffmann), The cells of the central jiartii forra a much eloser and 
firmer etnicture than those at the periphery (Arnold). The peri- 
pheral cells are nucleated, and sometimes even possess two nuclei to- 
one cell ; the central cells have no nuclei (Arnold). 

The wlls are held together by a eement-snbstance and by tlii 
serrated surfaces; the Kerrations are the cause of the transv) 
striations. The fibres of the lens have a simple amingemeut : 
meneing at the middle point or pole of one surface they pass 
the etiuator to the opposite pole ; consequently the long borders o£ 
adjaeent cells are in juxtaposition, and their pointeil extrerail" 
meet at points in the axis of the lens (Hoffmann), 

Kitter has deseribed shorti, nucleated cells in the centre of the 
lens ; these are held by Babuchin U) be cells which have Ik-cIi 
arrested in^ their development. 

e. The retina is the innermost ei>at 
of the eye j in the recent state it is 
pale, Boft, and smooth. The structures 
composing it are arranged in 
layers; from the deeper 6i 
towards the choroid these are 
int'cmal limiting membrane, 
optic-fibre layer, the ganglion layer, 
the inner molecular layer, the inner 
nuclear layer, the outer molecular 
layer, the outer nuclear layer, 
external limiting membrane, the la; 
of rods and cones, and llie pigmf 

These layers are held togi-ther by connective- tissue elements. 

(i) The interaal limiting membrane {Mevibrana limitant 
leriia) will be described together with the mnnective-tissue 
mttits (lo). 

(2) The optic-flbro layer is formed by the fibres of tlie 
nerve. The nerve- fibres in their course towards the eye are 
possessed of medullary sheaths, but on piercing the sclerotic these 
sheaths are lost. The fibres are now pale, non-medullated, and 
very varying thickness. In the mass of fibres nothing can be 
except an extremely fine fibrillation and very fine \'arico8ittes ; 
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latter, however, appear tu be artilieial |>rnduct!oiis (HofFmunn). 
This layer of fibres extends over the inner 
surface of the retina, and g^radually thins 
from the point o£ entrance of the optic 
nerve to the limits of the retina. 

(3) The ganglion-layer lies immedi- 
ately withont the nerve-fibre layer (Fig. 
258 b). The ganglion-cells are small and 
usually pear- shaped. The cells posseex 
laige nuclei, round which is a thin layer 
of very granular protoplasm. The cells 
have inner and outer processes ; the inner 
pass into the nerve-fibre layer, the outer 
into the inner molecular layer in more or 
leas radiating directions. Manz claims 
te have traced a direct connection between 
the inner processes and the fibres of the 
nerve- fibre layer. 

Each ganglion-cell, whatever ite shape 
or size, has only one inner process, which 
is easily distinguished from the outer 
process by its being more glistening, by 
the possession of varicosities, and because 
this process never branches. 

The outer processes are Bingle(Schwalbe) 
or rarely double (Hoffmann), and have as 
a role a direction at right angles to the 
inner processes. Each outer process is 
finely granular, which suggests rather a 
prolongation of the cell-substance than 
a true process. Frequently they are 
branched, sometimes Forming two equal 
sized processes, which give off finer d iiii«ii>i nuu]«i uj^r. 
twigs; at other times they appear to J ^|^ Ull'Ji^'Uy'jr 
pass throuEfh the whole of the inner ^ !*>«.< kiUjiuhIou™. 
molecuhir layer without undergomg di- 1. innor ..gniniu .* m 
vision (Schwalbe). The procesnes do not , outoTUgnwnu .* n. 
inosculate (Santi Sirena). , ™~' 

(4) The inner moleoolar layer (Fig. ''*™'° ** 
a^S r) is o-o7-o'o8 mm. thick (Hoffmann), and consists of a I 
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granular mass together with the ouf«r proceaaes of the gnngli 
layer, and connective-tissue elements. 

The granular matter consists of an extremely fine network 
retieulum, through which numerous fine fibres course (Schulfcie, 
Kolliker, Manz, Ilcinemann, and others); according to Schultze 
the supposed molecules or granules of others (Heole, Merkel, 
Retzius) are simply the fine meshes of this reticidum. 
branched, outer processes of the ganglion-cells form a rich ai 
toraosia in this layer. 

(5) The inner nuclear layer (Fig, 258 f/) contains parts of 
hinds of cellular elements ; these are radial nerve-fibres with 
nuclei, and connective-tissue elements (see below, par. 10). 
nerve-fibres are easily distinguished by their spindle-shaped vari- 
cosities ; both cellular elements possess large oval nuclei. The 
bodies of the cells surrounding the nerve nuclei are almost filled 
by the nuclei, which have sharply defined, rounded nucleoli. The 
fibres to which these cells are attached may be distinguished as 
inner and outer processes ; the inner process is fine, irregularly vari- 
cose, and unbranched ; the outer process is thicker, finely granuluj! 
and is not varicose (Sehwalbe). At the margin of the outer mol 
cular layer the outer processes divide, usually into two brand 
and at an acute angle to each other, though sometimes at a rij 
angle. The further course of these branches in the outer moleci 
layer is unknown. 

(6J The outer molecular layer (Fig. 358 e) corresponds 
general with the inner molecular layer as regards its structure; 
is, however, much thinner. 

(; and 9) The outer nuclear layer and the layer of rods and 
oones (Figs. i5^/, ff, 259). The rods and cones are intimately 
connected with the elements o£ the out«r nuclear layer, hence 
two layers are best described together. 

The rods (hacilii) have two parts or limbs, an outer and an 
which differ in structure, and in chemical and physical chai 
The outer part is highly refractive, the inner more homogeneous 
and less refractive, the two parts being sharply difFerentiattid from 
one another. 

The outer part is also weakly donbly refracting, the inner has no 
trace of this property. The rods are oo.';-oo6 mm. in length, of 
which oo35-o'04 mm. belongs to the inner limb. The oul 
end of the outer limb is more or less rounded ; the whole 
longitudinal striation (Schultze), due to its being composed 



lultze 

i 



imately 

uce th^^^ 

ract^w^^H 



^ 



THE BYE. *l-7 

lounded fibrila, about twenty-four to each rod (Heneen). The 
fibrils are sharply difFerentiated from each other and have a slightly 
spiral course; when seen in traneveree section these outer limlw 
do not appear to be round Pig. jj,,. 

(Schultze), although 
others hold them to 
be perfectly rounded 
(HofFmann and others), 
and that the loss of 
the cylindrical form is 
dne to the methods of 
treatment. According 
to Merkel the longitu- 
dinal striation is caused 
by a canalisation of the 
outer limb, which ac- 
cording to him encloses 
the processes of the pig- 
mented epithelial layer ; 
he is also of opinion that 
the spiral appearance is 
an artificial product. In 
the latter opiniou he is 
probably wrong, as per- 
fectly fresh rods exa- 
mined in aqueous humour 
show the same spiral 
ajKpearance (Hoffmann) : 
against the canalisation 
view others observe that 
the longitudinal stria- 
tion is most distinct near 
the inner limit of the 
outer limb and that it 

, ngfc t, -3, 3, 4, 5j 0, J. a, 9 ore mH^mBU 500 iiujo*. rig, lo, 

IS impossible to conceive jwllmn. Fig, 16,400 tlmn. ah ueaiptadtromUuff- 

that the processes of r v^r.'.T^." »pi«i tron. mot™.-. agu™. ; nm- 

the pigment-cells should "<*. ot ". ww- »■ 

terminate with such extremely regular ends (Hoffmann). 

In the central part of the inner end of the outer limb 
is seen a dark point when the structures arc examined in trans- 
verse section (Eitter, Manz, Schiess, Schultze, and others). The 
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cause o£ this is not clearly underattiod ; some liold it to b4] 
fibre (Ritter'a fibres), others hold it to be an artiiiuial pro 



(He, 



:n). 



After treatment with certain rea^nts the oiitor limbs show 8 
transverse striation, which is probably produced by the a<rtion of 
these reagents on the ehcath of the outer limbs ; that a slieath is 
present is proved by its possession of a different refractive index 
(Zenker, Schultze) to the rest of the outer limb, and this tratisvers*^ 
striation is not seen until the whole organ has undergone consi- 
derable pott-mortfm changes (Hoffmann). Should this change be 
allowed to proceed a stage further, the outer limbs of the rods split 
transversely and form small discs from 0-000,5-0 -00055 ™™- thick ; 
this takes place in the outer limb only. 

The inner segments of the rods (Figs. 25H, 359) are short (0'020~ 
0'023 mm.) and of the ^me thickness as the outer limbs. When 
perfectly fresh they appear homogeneous; very quickly changes 
commence, which are probably due to coagulation. A plano-convex 
figure (Fig. 259) ia then seen at the outer portion of the seg- 
ment (lens-shaped figure of Schultze) ; with staining reagents it 
gives the same reactions as the outer segment of the rods. The 
rest of this segment forms a short cylinder, which probably has no 
distinct sheath (Hoffmann, Merkel) ; some observers are inclined to 
think that a sheath exists (Landolt, Schwalbo), 

The outer segments of the rods are of two chief sizes (Schwalbe). 
Those of the one kind are large; the second variety occurs less fre- 
quently, and the segments are shorter, measuring only o- 
0-0025 mm. The inner segment is a long, thread-like pri 
except where it is swoDen to enclose the lens-shaped body. 

The rods are much more numerous than the cones, except 
small spot {niacala Intea) on the posterior surface of the 
where only cones are found (Krause). 

The cones {poni) have each two segments like the rods (Figs. 258, 
259). The outer segments are short (4-5 p)y they are slightly 
conical and terminate externally in a blunt point ; they possess a 
longitudinal striation (Schultze), and very easily break up trans- 
versely into small discs, which, however, do not separate so com- 
pletely as in the case of the rods, in consequence of the presence ot 
a sheath comtinuous with a sheath on the inner segment. 

The inner s(^ments (Figs. 258, 259) have convex sides and 
measure 12-14 C ! ^^^^ the corresponding parts of the rods they 
possess lens-shaped bodies at their junction with the outer sogments, 
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but the bodies differ in shape^ being bi-convex or rather oval in 
form. The inner segments are enclosed in a delicate sheath con- 
tinuous with that of the outer segments. 

In some cases two cones are united to form a twin-cone ; in such 
cases the one is always larger than the other (Fig. 259 9)^ and has 
several peculiarities which distinguish it from the smaller. 

The smaller or secondary member of a twin-cone is longer, and 
possesses a lens-shaped body which is plano-convex. The larger or 
principal member of a twin-cone is shorter, has a plano-convex 
body, but also an oval, homogeneous, glistening body, which is 
dire<jtly attached to the plano-convex body. The shape of the two 
members is also different. 

The outer nuolear layer (Fig, 258/) is 14-16 /ut thick; the 
nuclei lie in two layers. The nuclei belonging to rods and cones 
have the same characters, each nucleus being a large, oval, hyaline 
body, and enclosing a bright nucleolus. Each nucleus is surrounded 
by an extremely thin layer of finely granular matter. The inner 
processes of the nuclear bodies both of the rods and the cones extend 
to the outer molecular layer, are there dilated and serrated, where 
they become attached to the outer molecular layer (Schultze, Hoff- 
mann). In some cases, however, the inner process of the nuclear 
bodies, belonging to the rods, forms only a short fine fibre. 

In the case of * twin-cones the corresponding parts in the outer 
nuclear layer possess two nuclei (Schultze). 

(8) The pigment layer (Figs. 258 A, and 259 u, la, 13, 14, 15) 
is not intimately attached to the rest of the retina. It consists of 
cylindrical cells in which two parts or segments are sharply diffe- 
rentiated ; the external part, directed towards the choroid coat, is 
of pale, or colourless granular protoplasm, and occupies one-third 
of the length of the cell ; this part encloses a large, round, nucleo- 
lated nucleus. This colourless segment of the cell also includes 
one or two bright yellow, fat globules (Morano). Seen from the 
surface the cells are hexagonal (Fig. 259 n). The remaining 
two-thirds of the cells consists of a brush formed of numerous fine 
pigmented processes; the idtimate terminations of the processes, 
which lie parallel to each other, are frequently unpigmented ; each 
cell possesses thirty to forty such piwiesses (Morano). 

The processes extend between the rods and cones as far as the 
externa] limiting membrane (Figs. 258, 259), or sometimes a little 
further (Merkel, Morano, Hoffmann). The processes from one 
pigment-cell surround a number of rods and cones; according to 
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Morano twelve to fifteen rods and cone* may be encased or 
rounded by the proeenses of a. single cell. 

The tlncknesB of this layer varies from 60-70 1* ; the nuclei 
the cells have a diameter of 10-12 /j, tlie width of a sinf^le cell 
from ao-25 fi (Hoffmann). 

(lo) The connective -tissue elements of the retina and the 
temal and internal limiting membranes. The elements of 
retina arc sup^Mrtetl by lonneetive-tiwsue elements or eustentaci 
cells, which have a radial arrangement, and which form the 
limiting membranes (Miiller). 

Each sustentaciilar cell (Fig- 259 10) has two segments, an i 
and an outer, the boundary between these lying in the inner nucl 
layer, and being marked by the presence of a lai^ oval uacli 
The inner segment of each cell terminates internally iu a wide ' t( 
or base, or may form several such after having undeigone division 
(Schultze) : these bases together form a transparent, thin mem- 
brane, the internal limiting membrane {taembrana limifant infenia). 

"Within the ganglion -layer these cells possess peculiar ap] 
dages, which fit round the ganglion -cells and support tiu 
(Scbwalbe). 

The outer segments of the sustentacular cells extend into 
outer molecular layer, and then break up into irregular proccsees 
which extend radially to the external limiting membrane, and 
which they probably form. The external limiting membrane 
{membrana limiiang externa) is therefore a membrane corresponding 
to the internal limiting membrane, and formed by the flattened 
ends of the processes belonging to the sustentacular cells. 

The sustentacular cells liave a distinct, resistant cell- wall 
(Schwalbe) ; the cell-contents are a finely granular protoplasm, and 
a large oval, nucleated nucleus placed in the inner nuclear layer. 

f. The ciliary processes have the same structure as the rest of 
the choroid coat : the vessels form more or less longitudinal c 
and are more irregular than in the rest of the choroid. 

g. The posterior chamber and vitreous body (Fig. 360). 
vitreous humour occupies the greater portion of the cavity i 
the eyeball, i. e. the posterior chamber. The humour consists oF>!| 
mass of cells enclosed in a transparent hyaloid membrane ( 
brttna i^ahiilea), which is in contact with the internal limitil^ 
membrane of the retina. 

The cells forming this structure are small, flattened, transpare 
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and nucleated (Iwanoff and Virchow); according to the former 
observer the cells have contractile powers. 

The hyaloid membrane m described as structureless by Schwalbe, 
as fibrous by Pappenheim, Bowmaji] and Fuikbeincr. 

The vessels of the vitreous body (Fig, a(5o) are as follows. The 
A. hyaloulea arises at the lowest point of the corpus ciliare ; it almost 
immediately divides into two branches, which form a. ring at a 
distance of about o-j mm. from the lens and lying on the surface 
of the vitreous body {Fig. 260 I, II). One, B. nasatit, passes to 
the nasal side and courses through one-fourth of the circle; the 
Kg. J 60, 
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other, R. temporalis, courses through three-fourths of the circle. The 
branches are all given off proximally and at right angles to the circle 
(Fig. 260 I, II), From the R. natalit only one branch arises, from 
the R. lemporalU seven, the first of which corresponds in point of 
origin with the branch from the B. natalit. The bruicbes on the 
nasal and tomporal surfaces of the vitreous body are the shortest. 
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These branches form a capillary network (Fig. 260 I) with 
elongated meshes^ formed by the capillaries anastomosing at acute 
angles. The capillary network is more dense towards the middle 
of the proximal surface than in other parts. 

The veins arising from this network are three in number (Fig. 
260 III) ; two of these accompany the arteries from their origin, 
and form a somewhat similar circle around the lens, while the third 
passes backwards along the ventral surface of the vitreous body to 
the papilla nervi optici. The nasal vein, however, takes a more 
proximal course than the corresponding artery; the branches of 
which it crosses ; consequently the venous ring is not so perfect as 
the arterial. The nasal vein is larger and the temporal vein smaller 
than the corresponding arteries. 

The ventral vein is formed near the papilla nervi oplici by the 
union of two smaller branches. The capillary system of these 
vessels has the usual structure of capillaries, the cells being imited 
by cement-substance (Zimmermann). 

The blood-vessels of the vitreous body are accompanied by 
lymphatics; according to Iwanoff they completely enclose the 
capillaries : Zimmerman contradicts this view, as he has been un- 
able to find lymphatics on that side of the capillaries directed 
towards the vitreous body. 

B. Appendages of the eye. 

The appendages of the eye are the eye-muscles (see pp. 55-59), 
the eyelids, the Harderian gland, and the lachrymal duct. 

a. The eyelids are two in number, an upper and a lower. The 
upper eyelid is intimately attached to the eyeball and follows the 
movements of that organ. 

The lower eyelid (membrana niciitans) is much larger than 
the upper and has the same functions as the lower eyelid of higher 
vertebrates. It forms a transparent covering for the eyeball, and 
is raised by a special muscle (see p. 58) ; functionally it takes the 
place of both eyelids of higher vertebrates. 

The lower eyelid is a prolongation of the skin, but has only a 
few pigment-cells, except at its free margin, and no serous glands. 
Mucous glands are found in two or three rows, closely applied to 
one another, on the superficial surface of the lid ; on the deepef'surface 
they are w^anting. The stroma of the lid, like the cutis, is of con- 
nective-tissue. 

Nerve-fibres can be traced in all directions through the substance 
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of the lid, forminfir a wide-meehed plexus. Around each gland the 
plezos becomes finer and by numerous branchings much closer ; from 
the plexus twige are given off, which divide to form a number of 
fibrils traceable into the epithelial cells of the glands (Openchowski). 
The vessels of the lower eyelid have been investigated by Strieker, 
(/. c) ; according to him they possess some interesting peculiarities. 
Many of these capillaries course within a lymphatic vessel, in 
some places the capillary being contracted by a projection from 

Fig. j6i. 
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its inner wall ; where this is found the accompanying lymphatic 
is correspondingly dilated. Such points are especially met with 
where the capillaries branch ; in many cases the capillary was con- 
tracted to such an extent that the blood-corpuscles were unable 
to pass the obstruction. Strieker further observed in the living 
tissue that such constrictions conid take place in a part which a 
short time previously had been comparatively wide and dilated; 
further, that many of the nerves were enclosed in similar lymphatics. 
Langer, however (/. c), describes the vessels as being accompanied 
by an irr^^ular network of small lymphatic vessels. 

The distribution of the nerves in the lower eyelid has been de- 
scribed by Klein. Id the epithelium they form a network re- 
sembling that found in the cornea (Fig. 261 II) ; along the blood- 
vessek the fine fibrils form a perivascular network, which supplies 
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fine twigs to the walls of the vessels (Fig. a6i I). He dis- 
tinguishes three kinds of pigmented cells. 

b. The Harderian gland is situated at the inner angle of the 
eye^ and is pear-shaped in form. It consists of a number of 
racemose glands held together by connective-tissue^ the whole being 
enclosed in a relatively thick and strong capsule of connective- 
tissue. 

The alveoli have a diameter of 0'04C>-0'o6o mm. : they possess a 
lining of epithelium and a lumen which varies considerably in size. 
The epithelial layer is bounded externally by a membrana propria. 
The cells are placed eccentrically, they are cylindrical, and com- 
posed of finely granular protoplasm ; each cell contains a pale, 
rounded nucleus. The ducts of the alveoli are lined with a 
single layer of cylindrical epithelium, the cells of which are usually 
shorter and narrower than those of the epithelium of the alveoli ; 
the ducts open into a single main tube, lined with similar epithelium 
but strengthened externally by a layer of connective-tissua The 
glands secrete a fluid which moistens the free sur&ce of the eye. 

The Harderian glands are surrounded by a rich capillary anasto- 
mosis which completely invests the alveoli. 

o. The lachrymal duct opens behind and below into the nasal 
cavity (see p. 389), anteriorly it can be traced forwards, as a small 
tube imbedded in connective-tissue and lying immediately beneath 
the skin, to the outer angle of the eye, where it opens by numerous 
tubules. 

The lachrymal duct is lined with ciliated columnar epithelium. 
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NOTE BY THE TRANSLATOR. 



Reference has already been made to the views of Messrs. Melland 
and Marshall on the structure of muscle-fibres. The opinion that 
the striation of voluntaiy muscle is wholly or in part due to the 
presence of a regularly arranged network was previously published 
by Retzius, Bremer, and others. The authors referred to have 
now for the first time shown the importance of this network in 
all vertebrate muscular tissues, whether voluntary or involuntary. 

Mr. Marshall gives the following summary of the result of his 
researches, which the Translator has confirmed by his own obser- 
vations : — 

1 . In all muscles which have to perform rapid and frequent move- 
ments, a certain portion of the muscle is differentiated to perform 
the function of contraction, and this portion takes on the form of 
a very regular and highly modified intracellular network. 

2. This network, by its regular arrangement, gives rise to certain 
optical effects which cause the peculiar appearances of striped 
muscle. 

3. The contraction of the striped muscle-fibre is probably caused 
by the active contraction of the longitudinal fibrils of the intracellular 
network ; the transverse networks appear to be passively elastic, and 
by their elastic rebound cause the muscle to rapidly resume its 
relaxed condition when the longitudinal fibrils have ceased to 
contract ; they are possibly also paths for the nervous impulse. 

4. In some cases where muscle has been hitherto described as 
striped, but gives no appearance of the network on treatment with 
the gold and other methods, the apparent striation is due to optical 
effects caused by a corrugated outline in the fibre. 

5. In muscles which do not perform rapid movements, but whose 
contraction is comparatively slow and peristaltic in nature, this 
peculiar network is not developed. In most if not all of the 
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unstriped muscles of invertebrates there does not appear to be an 
intracellular network present in any form, but in the unstriped 
muscle of vertebrates there are longitudinal fibres only; these 
possibly represent a form of network intermediate between the 
typical irregular intracellular network of other cells and the highly 
modified network of striped muscle. 

6. The cardiac muscle-cells contain a network similar to that of 
ordinary striped muscle. 
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DESCRIPTION OF THE FIGURES ON PLATE II. 

Fig. i8o (p. 278). 

I. Preparation of the muooos membrane of the dorsal surf aoe of the mouth and oeaophagos to ebow 

the yaacular supply. Arteries red, veins blue ; after Sch6bl. 

II. Small portion of the above to show the dilatations on the capillaries ; after SchObi 

Fig. 187 (p. 385). 

Trunsverse section through the mucous membrane of the fundus of the stomach of Rana eseultnta. 
Alcohol preparation, doubly stained with carmine and anilin blue. After Biedennann. 
(Oc. II, Syst. 7, Hartnaok.) 

Fig. 196 (p. 298). 

I. Partial injection of the liver from the portal vein (blue) : Rana ucuUnta. — Q. H. 

II. Partial injection of the Uver from the hepatic vein (red) : Rana e$culenta.—Q. H. 

III. Complete injection of the liver from the hepatic artery (red) and from the portal vein (I4ue) : 
Rana esculenta. — G. H. 

A Portal (interlobular) veins and their branches. 

B Hepatic (intralobular) veins and their branches. 

C Hepatic arteries and their branches. 

Fig. 208 (p. 318). 
Two sections from the lung of Rana Umporaria ; stained with borax. carmine. — G. H. 

I. The lung dilated (Hartnack, Oc. I, Syst 3). . • ^ 

II. The lung contracted (Hartnack, Oc. I, Syst. 7). 

A Band of muscle cut transversely. 
B Band of muscle cut longitudinally. 
C Muscular layer of surface. 

Fig. 217 (P- 334). 

Portions of two transverse vertical sections through the kidney.— O. H. 

I. Kidney of Rana esculenla, partial injection of the uriniferous tubes with silver nitrate (Hartnack, 
Oc. I, Syst. 7). 

II. Kidney of Rana temporaria, stained with borax-carmine (Hartnack, Oc I, Syst. 7X 

Fig. 219 (p. 337). 

Two portions from a gold preparation of the kidney of Rana ttcuUnta. — O. H. 

I. Showing the tendency to split into lobules. 

II. Nerve-fibres acoomiianying the blood vewels. 

a Blood-vessels. 6 Nerves. 
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Acetabalum, 48. 
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„ med. sup., 238. 
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Arteria subscapularis, 233, 

„ suralis, 239. 
Arteries, 222. 

of brain, 162. 
of choroid, 411. 
of foot, 240. 
of hyaloid, 421. 
of iris, 413. 
of skin, 376. 
of vitreous body, 421 
Artery, ant. palatine, 224. 
„ tibial, 239. 

brachial, 232. 

carotid, 224. 

ciliary, 226. 

ooeliaco-mesenteric, 233. 

femoral, 236. 
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haemorrhoidal, 235. 

hepatic, 298. 
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iliac, 235. 

internal carotid, 225. 

laryngeal, 226. 

lingual, 224. 
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occipital, 228. 

occipito-vertebral, 226. 
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pharyngeal, 224. 
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tibial, 238. 
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vertebral, 226. 

vesioo-epigastric, 235. 
Articular processes, 1 7. 
Articulations of vertebrae, 19. 
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Arytenoid cartilages, 3 1 3. 
AjBtragalus, 50. 
Atlas, 18. 
Auditory nerve, 172. 
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Auditory nucleus, 144. 
Auerbach's plexus, 292. 
Auricles, 214. 

Auriculo- ventricular valves, 216, 
Axillary septum, 258. 
Axis-cylinder, 202. 



Bidder's ganglion, 220. 
Bile-ducts, 298. 
Bladder, gall-, 295, 299. 

„ urinary, 338. 
Blood, 262. 
Bones and joints, 13. 
Bowman's glands, 387. 
Brachial nerve, 183. 
Brachio- ulnar lymph-sac, 259. 

„ radial „ 259. 

Brain, 141. 



Calcaneum, 50. 
Calcified cartilage, 15. 
Canal es coccygei, 21. 
Canalis vertebralis, 20. 

„ rami ant. acustici, 393. 
Capitnlum radii, 43. 
Capsule of labyrinth, 391. 

,, of lens, 413. 
Carotid arch, 222. 
„ gland, 223. 
Cartilage, calcified, 15. 

,, of shoulder-girdle, 40. 

,, of skull, 29. 

Cartilages of larynx, 312. 

„ of nose, 27, 385. 
Cauda equina, 135, 189. 
Cava recto- vesical! s, 304. 
Cavitas sigmoidea maj., 43. 
Central canal of cord, 137. 

,, group of cells, 139. 
Cerebellum, 148. 
C^erebral hemispheres, 156. 
Chamber, anterior, 409. 

,, posterior, 420. 

Chiasma, optic, 153, 155, 167. 
Chorda dorsalis, 20. 
Chordae tendineae, 216. 
(-■horoid coat, 409. 

,, plexus of fourth vent., 142, 164. 

„ „ third „ 153, 164. 

Ciliary nerves, 169. 

„ processes, 420. 
CHrculus iridis major, 413. 
Clavicle, 39. 
Cloaca, 347. 

Columella auris, 25, 390. 
Commissura anterior, 159. 
inferior, 140. 
posterior, 159. 
superior, 140. 
,, transversa, 154. 



Common bile-duct, 296. 

Cones, 418. 

Conus medullaris, 1 35. 

Coracoid, 39. 

Coracoid foramen, 39. 

Cornea, 406. 

Corpora quadrigemina, 152. 

Corpus callosum, 158, 159. 

„ striatum, 158, 159. 
Corpuscles of blood, 263. 

„ of Hassall, 321. 
Coverings of brain and cord, 162. 
Cranial nerves, 141, 167. 
Cranium, 23. 
Cricoid cartilage, 312. 
Crista acustica, 397. 

„ deltoidea, 41. 

„ medialis, 42. 
Crusta petrosa, 279. 
Cupula terminalis, 398. 
Cutaneous glands, 372. 
Cuticula dentis, 279. 
Cutis, 369. 
Cystic duct, 295. 



Dentale, 35. 
Dentary, 34. 
Dentine, 279. 

D^cemet's membrane, 407. 
Dorsal lymph-sac, 255. 
„ roots, 140. 
,, septum, 252. 
Duct, common bile-, 296. 

„ cystic, 295. 
Ductus choledocus, 296. 

endolymphaticus, 398. 

fenestra ovalis, 394. 

perilymphaticus, 395. 

Wirsungianus, 301. 
Dura mater, 162. 
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Ear, 389. 

Enamel, 279. 

Enlargements of cord, 133, 137. 

Epiooracoids, 37. 

Epidermis, 367. 

Epiglottis, 317. 

Epistemum, 36. 

Epithelium of ventricles, etc., 160. 

Exoccipitals, 23. 

External limiting membrane, 420: 

Extrastapedial, 26, 390. 

Eye, 405. 

Eyelids, 422. 



Facial nerve, 171. 
Fat-bodies, 348. 
Femoral lymph -sac, 260. 
Fibrae arcuatse cerebelli, 149. 
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Fibrei of brain, i6i. 
Filiform papillae, 380. 
Filum tenninale, 135. 
Foramen oondyloideum, 24. 

ma^um, 23. 

Monroii 157. 

ovale, 24. 

parietale, 156. 

rotundum, 392. 
Formatio reticalariB, 140. 
Fossa coudyloidea, 24. 

„ tympanica, 24. 
Fourth ventricle, 142. 
l^Vonto-parietal bones, 26. 
Fungiform papillae, 380. 



Gall-bladder, 295, 299. 
Ganglia of bladder, 340. 
„ of heart, 220. 
„ of spinal, 177. 
Ganglion ciliare, 16S. 

condyloideum, 173. 
Gasserii, 168. 
interpedunculare, 152. 
layer, 415. 
nervi vagi, 173. 
Gasserian ganglion, 168. 
Glands, Bowman's, 387. 
cutaneous, 372. 
gastric, 285. 
Harder's, 424. 
intermaxillary, 280. 
LieberkUhu's, 288. 
nasal, 386. 
oesophageal, 283. 
of nictitating membrane, 423. 
periganglionic, 180. 
thymus, 320. 
thyroid, 322. 
Glossopharyngeal uer\'e, 172. 
Goblet-cells, 289. 
GoU's columns, 140. 
Grey matter, 139. 



>5 



»» 



>» 



M 



>» 



>• 



J> 



M 



Hair- cells of ear, 404. 
„ of nose, 388. 
Harder 's glands, 424. 
Hassairs corpuscles, 321. 
Heart, 213, 214. 

„ endothelium, 320. 
„ «kU8cle, 216. 
,, nerves, 219. 
, , structure of, 216. 
Hepatic arteries, 42 1 . 

„ portal system, 248. 
„ veins, 297. 
Hip- joint, 49. 
Humerus, 41. 
Hyaloid artery, 421. 

membrane, 421. 



I Hyoid, 35. 

I Hypoglossal nerve, 182. 



Ilia, 47. 

Iliac lymph-sac, 257. 

„ septum, 253. 
Inferior femoral septum, 259. 

„ sinus, 383. 
Infundibulum, 153. 
Inguinal septum, 254. 
Inner molecular layer, 415. 
„ nuclear „ 416. 
Interfemoral lymph-sac, 260. 
Intermaxillary glands, 280. 
Intermediate fem. septum, 259. 
Internal ear, 391. 

„ limiting membrane, 414, 420. 

„ muscles of eye, 413. 
Interstapedial, 25, 391. 
Intestine, 286. 
I Intumescentia ant. and poet., 135. 
Iris, 412. 
Ischia, 48. 
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Kidney, 332. 
Knee-joint, 50. 



Labyrinth membranous, 395. 
„ osseous, 391. 
„ structure, 402. 

Lachrymal duct, 387. 
Lagena cochlea, 400. 
Liwiina fusca, 411. 

„ suprachoroidea, 411. 
„ terminalis, 153, 157. 
Large intestine, 292. 
Laryngeal nerve, 175. 
Larynx, 311. 

Lateral group of cells, 139. 
„ lymph-sac, 255. 
,, sense-organs, 379. 
„ sinus, 380. 
Lens, 413. 

Lieberkilhn's glands, 288, 293. 
Ligament, calcanei, 19. 

coronarium, 303, 
gastro-duodenale, 305. 
hepato-duodenale, 2S7, 295, 

305- 
intercruralia, 19. 

interspinalia, 19. 

pectinatum iriiUs, 409. 

Buspensor. hepatis, 304. 

verteb. comm. ant., 19. 

„ „ post., 19. 

Limiting membrane, external, 420. 

„ „ internal, 414, 420. 

Lips, 275. 

liiterature on adrenals, 330. 



»» 



>» 



t» 



tt 



444 



INDEX. 



Uterature on alimentary canal, a68. 


Membrana choriocapillaris, 411. 


., ,, blood, 211. 


„ limitans ext., 420. 


,, „ blood- vesBels, 205. 


„ int., 414, 420. 


,, ,y bones and joints, 13. 


„ nictitans, 58, 422. 


,, cartilage, 431. 


,, suprachoroidea, 411. 


,, „ connective tissues, 432. 


Membrane of Descemet, 407. 


,, ear, 356. 


Membranous labyrinth, 395. 


„ embryology, 436-437. 


Mentomeckelian cartilage, 35. 


M eye, 360. 


Mesooephalic ganglion, 168. 


„ „ fat-bodies, 330. 


Metacarpus, 46. 


., „ gall-bladder, 272. 


Metatarsus, 52. 


„ general, 435-436. 


Meynert*8 fibres, 155. 


„ „ heart, 205. 


Molecular layer, inner, 415. 


,, ,, intestine, 270. 


„ „ outer, 419. 


„ larynx, 309. 


Motor-oculi, 167. 


,, „ liver, 272. 


Mouth, 275. 


,, „ longs, 309. 


Movements of hand, 46. 


„ „ lymph, 211. 


Mucous glands of skin, 375. 


,, „ lymphatic system, 209. 


Miiller*s fibres, 420. 


,, ,, mouth, 968. 


Muscle, histology, 433. 


,. „ muscle structure, 427. 


Muscles, 53. 


„ „ muscles. 54. 


Musdes of abdomen, 67. 


„ ,, nervous system, 122. 


„ back, 71. 


„ nose, 357. 


„ „ cloaca, 347. 


,, „ pancreas, 272. 


„ „ eye, external, 55 


,, „ peritoneum, 274. 


„ „ internal, 413. 


„ „ respiratory system, 309. 


„ „ face, 59. 


„ „ skin, 353. 


„ „ foot, 105. 


„ spleen, 273. 


„ forearm, 84. 


„ „ taste-organs, 356. 


„ „ forelimb, 75. 


,, „ thymus, 310. 


„ „ hand, 87. 


,, „ thyroid, 310. 


„ „ hinder limb, 94. 


,, „ touch-organs, 356. 


* „ „ hyoid, 64. 


,, „ urino-genital system, 326. 


„ larynx, 315. 


Liver, 294. 


„ „ lower jaw, 60. 


„ cells, 298. 


„ „ skin, 119. 


„ pigment of, 299. 


Muse, abduct, dig. I brev., 114. 


,, vessels of, 297. 


»» >» » I*- »> 9*' 


Lower eyelid, 422. 


„ ,. yt »i long., 91. 


„ nasal glands, 386. 
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Lungs, 317. 


„ „ „ V brev., 116. 


Lymph, 264. 


M I long., no. 


Lymph-hearts, 261, 264. 


„ ,. ,, II ,, 86. 


Lymph-sacs of ant. extremity, 258. 


,, „ „ V prim., 91. 


„ ,, of hinder extremity, 259. 


„ „ „ Vsecund., 91. 


„ „ of trunk, 251, 255, 264. 


., „ hallucis, 109. 


Lymphatic system, 251. 


,, „ pollicis, 87. 




„ brev., 114. 




„ adduct. brev., 100. 


Macula lutea, 419. 


„ dig. I long., 109. 


Malpighian bodies of kidney, 334. 


,. ,, „ II, 89. 


n » of spleen, 303. 


>« '? >> *> ii3» 


Mandible, 34. 


longuB, 99. 


Maxillary bones, 32. 


magnus, 99. 


„ septum, 253. 


„ „ polHcis, 87. 


Meckel's cartilage, 35. 


„ anconaei, 87. 


Mediostapedial, 25, 390. 


„ antibrachii lat., 85. 


Medulla oblongata, 142. 


,, ,, med., 85. 


Medullary segments, 202. 


,, „ prof., 85. 


,, sheath, 201. 


„ biceps fem., 96. 


Medullated nerves, 201. 


,, coccygeo-cutaneus, 120. 


Meissner's plexus, 291. 


„ -iliacus, 74. 
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. coocygeO'Sacralis, 73- 


Muse. 


flex, metatars. digit. IV, 112. 


>> 


compressor cloacae, 348. 


u 


„ phal. prop. dig. Ill, 112. 


'1 


constrictor aditus laryngis, 315. 


n 


„ „ „ „ IV, ant., 113. 


iy 


constrictor iridis, 413. 


it 


,, ,, „ „ IV,poBt., 1I3' 


»> 


coraco-humeralis, 82. 
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>> >f >y >» »i 9®' 
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cucullaris, 71. 


>> 


»> >j >» *^3* 


}} 


cutaneus dorsi, 1 19. 


»> 


„ tarsi ant., 104. 


n 




„ pectoris, 119. 


»? 


„ ,, poet., 1 14. 


>> 


dilator aditus laryngis, 315. 


}* 


gastrocnemius, 102. 


>• 


deltoideus, 82. 


'» 


genioglossus, 66, 281. 


•» 


dep 


»re88or maxill. inf., 60. 


}> 


geniohyoideus, 64. 


)> 




„ palpebrae inf., 58. 


j> 


glutaeus, 94. 


>» 


dilator iridis, 413. 


«« 


hyo-arytenoideuB anterior, 315. 


i> 




„ naniim, 59. 


• » 


„ posterior, 315. 


t « 


extensor brevis, 106. 


iy 


hyoglossus, 66, 281. 


>» 




, carpi ulnaris, 86. 


y* 


ilio-fibularis, 96. 


♦ « 




, cruris brevis, 104.. 


It 


ilio-lumbaris, 74. 


i> 




digit. I brev., 114. 


*y 


ilio-psoas, loi. 


»« 




., „ long., 114. 


yy 


infraspinatus, 79. 


») 




„ ,, II brev., 114. 


»> 


intercrurales, 75. 


>? 




„ „ long., 114. 


>j 


interossei, 93, 113. 
„ dorsales, 116. 


?? 




,, „ prop, brev., 92. 


>» 


« 9 




„ „ „ „ long., 92. 


yy 


interscapularis, 78. 


?» 




„ „ III brev., 115. 


yy 


intertransversar. cap. sup., 75. 


•> 




,, „ long., 115. 


>> 


»» *> yy m*'> 75* 


>> 




„ prop., 93. 


>> 


t, n dorsi, 75. 


>> 




„ IV, 116. 


>» 


lateralis narium, 60. 


J* 




„ „ brev., 116. 


>» 


latissimus dorsi, 72. 


«> 




», „ „ prop., 93. 


• » 


levator ang. scap., 76. 
„ buibi, 57. 


>' 




,, ,, V brev., 115. 


'» 


» « 




„ „ long., 115. 


>» 


longisftimus dorsi, 72. 


% « 




„ ,, cumm.brev., 91. 


»» 


lumbricales, 108. 


>? 




, ,» ,y i> long., 87. 


>5 


masse ter, 62. 


J? 




„ dorsi comm., 73. 


• > 


nasalis ext., 60. 


>? 


fles 


;. antibrach. lat. superf., 85. 


>> 


obliquus ext., 67 
inf., 56. 


>» 


>» 


„ med. 85. 


»» 


M 


j> 


„ j)rof., 85. 


>J 


„ int, 67. 


>« 


»» 


brev. digit. I, 100. 


»J 


„ sup., 56. 


»» 


»> 


„ „ IV, 112. 


1 " 


obturat., 182. 


• 1 


M 


n » V, 113. 


»» 


om(^yoideus, 65. 


•> 


»» 


carpi radialis, 84. 


•> 


opponens dig. I, no. 


J» 


>> 


„ ulnaris, 84. 


»• 


„ „ II, 89. 


»» 


»» 


digit, comm., 85, 87. 


>» 


yy ,. V, 90. 


>> 


»> 


„ I, II, 108. 


>l 


pabnaris brev., 87. 


J» 


»» 


„ II brev., 89. 


yy 


pectineus, 100. 


>• 


» • 


„ II long., 88. 


j> 


pectoralis, 80. 


» » 


% « 


,, II prop., no. 


»» 


petrobyoidens ant., 65. 


« • 


« « 


,. II tert., 89. 


»' 


petrohyoidei post., 66, 315. 


« « 


>• 


,, III brev., 89. 


»> 




«» 


»« 


., Ill long., 89. 


1 V 


protrahens scap., 76. 


l> 


«« 


,, III prop., III. 


1 


pterygoideus, 61. 


»' 


« » 


„ III, IV. V, 107. 


♦ t 


pyriformis, 95. 


« t 


« • 


,, IV brev., 90. 


: " 


quadratus fern., 112. 


• » 


* • 


., „ long., 90. 


•> 


rectus abdom., 67. 


« « 


• > 


„ „ prop., 112. 


«« 


„ extern, bulbi, 55. 


•> 


»> 


„ V brev., 90. 


« • 


fem. ant., 95. 


>> 


J» 


„ „ long., 90. 


>» 


,, infer. „ 55. 


yt 


>> 


„ „ prop., 113. 
metacarp. digit. Ill, 90. 


»» 


„ inter. „ 55. 


« « 


» 


♦> 


„ intern, maior, 97. 


>> 


)J 


„ „ IV, 90. 


» > 


„ super, ant., 56. 


»> 


>» 


metatars. digit. II, no. 


» 


„ intern, minor, 98. 


'> 


»» 


„ „ 111,111. 


>> 


retractor bulbi, 56. 
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Muso. sartoriuBi 97. 

f, semimembranoBus, 97. 
,, semitendinoBUB, 100. 
„ Bphinoter ani, 347. 
,, Btemohyoideus, 64. 
,, sternomaBtoideas, 76. 
„ sternoradialiBy 82. 
„ BubmazillariB, 62. 
, , BubmeutaliB, 63. 
,, BabBcapulariB, 78. 
,, temporal! B, 61. 

tibialiB ant., 104. 
,, ,, post., 103. 

,, tranBYerBo-scapulariB maior, 77. 
., „ „ minor, 77. 

trausveraaB metacarp., 93. 
,, ,, plant., 108. 

triceps femoris, 95. 
,. vastas ezt., 96. 
,, f, int., 96. 



Nasal bones, 33. 
„ cartilages, 385. 
„ glands, 403. 
Nephrostomes, 336. 
Nerve, abducens, 171. 
,, auditory, 172. 
., brachial, 183. 
,, facial, 171. 

fifth spinal, 187. 

fourth spinal, 188. 

glossopharyngeal, 172. 

hypoglossal, 182. 
,, laryngeal, 175. 
„ oculo-motor, 167. 

olfactory, 167. 

optic, 167, 405. 
,, pathetic, 142, 168. 
., palatine, 169. 
,, peroneal, 195. 
., pneumogastric, 173. 

radial, 186. 
,, sixth spinal, 188. 

spinal, 175. 

structure of, 201. 
,, sympathetic, 197. 
,, third spinal, 188. 
,, tibial trigeminal, 168. 
„ vaguB, 173. 
Nerves, 167. 

of Cornea, 408. 

,, ear, 403. 

.. heart, 219. 

„ lungs, 319. 

,, oesophagus, 286. 

,, skin, 378. 

,, stomach, 286. 
Nervi ciliares, 169. 
Nervus coccygeus, 189. 

coraco-clavicularis, 183. 

cruralis, 189. 
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Nervus cut. antibrach. inf., 185. 
cut. antibrach. sup., 185. 
cut. dorsi pedis lat., 196. 
ileo-hypogastricuB, 189. 
peroneus, 195. 

,, comm. inf., 196. 

„ lateralis, 196. 

,, medialis, 196. 

ramus aocessorius, 1 74* 
anterior, 173. 
,, auricularis, 172. 
,, cardiaouB, 175. 
„ cut. axillaris, 183. 
,, cutaneuB dor/*., 174. 

cruris lat., 196. 
„ med., 194. 
„ post., 194. 
fern., 189. 
lat., 187. 
med., 186. 
., ., ,, sup., 186. 

,, dorsalis, 185. 
., ,. gastricuB, 175. 

,, hyoideus. 172. 
., hyomandibularis, 172. 

,, laryngeuB, 175. 
,, .. lateralis, 185. 

mandibularis, 170. 
,, ,, maxillaris, 17a 

., ., maxillo-mandibulariH,i7o. 

,. ,, mnscularis, 187. 

., ,, ophthalmicus, 169. 

palatinus, 171. 
., pectoralis, 185. 
,. „ posterior, 173. 

pulmonalis, 175. 
scapularis, 174. 
,, „ subBcapularis, 185. 

ulnaris lat., 186. 
,, „ „ med., 185. 

„ tibialis, 194, 195. 
Neurilemma, 201. 
Nictitating membrane, 422. 
Non-medullated fibres, 202. 
Nose, 383. 

„ skeleton, 27, 383, 385- 
Nuclear layer, inner, 416. 
„ „ outer, 416. 

Nucleus abducens, 146. 
auditory, 144. 
centralis, 144. 
magnus, 147, 152. 
medallae oblongatae, 144. 
pneumogastric, 146. 
trigeminal, 145. 



Oculo-motor nerve, 167. 

„ nucleus, 151. 

Oesophageal glands, 283. 
Oesophagus, 282. 
Olfactory nerve, 167. 
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OuiOBtemum, 36. 
Opercnlo-angulare, 35. 
Operculum, 25. 
Optic chiasma, 153, 155, 167. 
commissure, 154. 
fibre layer, 414. 
lobes, 140. 

,, nerve, 167, 405. 

,, tracts, 152. 
Os articulare, 35. 

, capitato-hamatum, 45. 

, cuboideum, 51. 

, cuneiformia, 52. 

, en ceinture, 27. 

, lunatum, 44. 

, multangulum maius, 45. 

, „ minus, 45. 

, naviculare of foot, 5 1 . 
„ of hand, 45. 

, occipitale basilare, 23. 

, „ Buperius, 23. 

, pyramidale, 44. 
Ostium abdominale, 304, 345. 
Outer nuclear layer, 416. 
Ovaries, 344. 
Oviducts, 304, 345. 



Palatine artery, 224. 
bones, 33. 
nerves, 169. 
Pancreas, 300. 

Papilla acustica lagenae, 400. 
Papillae of skin, 370. 

„ of tongue, 380. 
Parasphenoid, 26. 
Pars basilaris cochleae, 400. 
comnuBSuralis, 147, 152. 
media, 135. 
neglecta, 400. 
peduncularis, 143, 152. 
Partes condyloideae, 23. 
Pathetic lierve, 142, 168. 
Pectoral lymph-sac, 255. 

„ septum, 253. 
Pelvis, 47. 
Pericardium, 213. 
Periganglionic glands, 180. 
Perilymphatic space, 393. 
Perineal septum, 253. 
Peritoneum, 303. 
Phalanges of foot, 52. 
„ „ of hand, 47. 
Pia mater, 162. 
Pigment of cerebellum, 149. 
cord, 141. 
hemispheres, 160. 
liver, 299. 
medulla, 148. 
optic lobes, 152. 
thalamencephalon, 155. 
skin, 730. 



»> 



ft 



»> 
It 
t* 
tt 



>♦ 



if 



»i 



>> 






tt 



It 



tt 



tt 



Pigment-layer, 419. 
Pineal body, 155. 
Pituitary body, 154, 156. 
Plexus, Auerbach*s, 292. 
„ lateralis, 165. 
„ Meissner's, 291. 
Pneumogastric nerve, 146, 173. 

,, „ nucleus, 146. 

Pons Varolii, 149. 
Portal systems, 247. 

„ vein, 297. 
Posterior chamber, 420. 
Pre-arytenoid cartilages, 314. 
Precoracoid, 40. 
Premaxillary bones, 33. 
Processes, articular, 17. 
„ spinous, 17. 
„ transverse, 17. 
Processus coraooideus, 40. 

coronoideus, mandible, 34. 

„ „ radio-ulnar, 43. 
mastoideus, 24. 
zygomaticus, 30. 
Prootic bones, 24. 
Pterygoid bones, 31. 
Pubes, 49. 

Pulmo-cutaneous arch, 230. 
Pulp-cavity, 279. 
Purkinge's cells, 148. 

Radio-ulnar, 43. 

Rami communicantes, 181, 199. 

R«na aquatica, 3. 

,, esculenta, 4. 

., flaviventris, 7. 

„ gibbosa, 3. 

,, innoxia, 3. 
oxyrhinus, 7, 9. 
rubeta, 3. 
temporaria, 7. 
Reoeptacidum seminis, 337. 
Recessus utriculi, 396. 
Remak's ganglion, 220. 
Renal arteries, 333. 

„ portal vein, 332. 

„ veins, 333. 
Reproductive organs, 341 . 
Retina, 414. 
Retinal pigment, 419. 
Ritter'g fibres, 418. 
Rods and cones, 416. 
Roots of spinal nerves, 1 75. 
Round bundle, 1 54, 1 59. 

Saccus endolymphatioas, 395, 398. 

,, fenestra ovalis, 395. 

„ perilymphaticus, 395. 
Sacrum, 19. 
Scapula, 37. 
Sciatic artery, 236. 

,, nerve, 192. 

,, plexus, 191. 
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Sclerotic coat, 405. 
Semicircular canal, ant., 396. 

»> „ „ ext., 398. 

»» i> »» post., 39°* 
Septa, of lymph-sacB, 252. 
Septum medium, 1 39. 
Serous glands of skin, 372. 
Shoulder-girdle, 37. 
„ -joint, 42. 
Sinus, superior, 383, 
Sinus venosus, 214. 
Skeleton, 15. 

„ of nose, 27, 383, 385. 
Skin, 367. 
Skull, 21. 

Small intestine, 286. 
Sphenethmoid, 27. 
Spinal cord, 135. 

„ gangUa, 177. 

„ nerves, 135, 175, 181. 

„ roots of, 175. 
Spinous processes, 17. 
Spleen, 302. 
Squamosal bones, 30. 
Sternum, 36. 
Styloid cartilage, 25. 
Sabmazillary lymph-sac, 255. 
Substantia reticulosa, 138. 
Sulcus longitud. in!l, 135. 

» >» "apv 135' 

Superior sinus, 383. 

Supplemental toe, 5, 47, 374. 

Supra-femoral lymph-8ac, 260. 

„ „ septum, 259. 

Suprascapula, 37. 

Suprastapedial, 26, 390. 

Suspensorium, 30. 

Sylvian aqueduct, 15a 

Sympathetic system, 197. 

Symphysis pubis, 48. 

Systemic arch, 226. 



Tactile sensation, organs, 377. 
Taste-organs, 380. 
Teeth, 278. 

Tegmentum vasculosum, 395, 402. 
Temporary papillae, 370. 
Testis, 341. 

Thalamenoephalon,. 153. 
Thalamus- tuberciiier€Um Btrand^ 

155, 159- 
Third ventricle, 153, 

Thymus gland, 320. 

Thyroid gland, 322. 

Tibio-femoral septum, 260. 

Tibio-fibula, 49. 

Toes, 5, 47, 374. 

Tongue, 280. 

Tonsils, 323. 

Touch-corpuscles, 379. 

„ -8pot% 378. 



154, 



Transverse processes, 17. 
Trigeminal nerve, 168. 

„ nucleus, 145. 
Trochlear nerve, 168. 
Tr uncus arteriosus, 216. 
Tuberculiis maius, 42. 
Tympanic membrane, 389. 

„ ring, 26. 
Tympanum, 389, 390. 
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Upper nasal gland, 386. 
Ureters, 337. 
Urinary bladder, 338. 
„ organs, 332. 
Uriniferous tubes, 334. 
Urino-genital system, 330. 
Urostyle, 21. 
Utricle, 396. 



Vagus, 173, 
Valvula cerebelli, 148. 
Vasa efferentia, 341. 
„ recta, 412, 413. 
Vein, anterior abdominal, 248. 
caval, 241. 
orbital, 245. 
tibial, 250. 
brachial, 246. 
cardiac, 249. 
caval anterior, 241. 
„ posterior, 246. 
cutaneous, 244. 
dorso-lumbar, 248. 
external jugular, 241. 
facial, 245. 
femoral, 249. 
gastric, 249. 
haemorrhoidal, 249. 
hepatic, 247, 297. 
hepatic portal, 249. 
,. iliac, 247. 

innominate, 242. 
internal jugular, 243. 
intestinal, 249. 
jugular, external, 241. 
., „ internal, 243. 

., lingual, 241. 

mandibular, 242. 
median orbital, 243. 
., nasal, 245. 

ophthalmic ,412. 
orbital anterior, 245. 
,, median, 243. 
,, posterior, 245. 
ovarian, 247. 
oviducal, 248. 
portal, 297. 
., posterior caval, 246. ■ 
„ posterior orbital, 245. 
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Vein, puliuonary, 241. 
,, radial, 246. 



renal, 347, 333. 
renal portal, 333. 
sciatic, 347, 250. 
Hpermatic, 347. 
splenic, 249. 
subclavian, 344. 
subscapular, 244. 
ulnar, 246. 
vertebral, 244. 
Veins, 241. 

Vena bulbi anterior, 222. 
,, superior, 412. 
,, posterior, 322. 
spinalis anterior, 164. 
„ posterior, 165. 
,, superior, 164. 
Ventral lymph -mc. 255. 
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Ventral nucleus, 155. 
„ septum, 353. 
Ventricle of heart, 315. 
Ventricles of brain, 153. 

„ of larynx, 316. 
Vertebrae, 16. 

„ structure of, 30. 

Vertebral column, 16. 
Vessels of brain, 163. 

„ of liver, 397. 
Vitreous body, 430. 
Vocal cords, 315. 
,, sacs, 320. 
Vomerine teeth, 376. 
Vomers, 34. 



Webs, 5, 275. 
Wrist-joint, 45. 
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